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, PRERAGE, 


it 
THoucH many works exist on the subject of internal 
combustion engines, which contain practically all that 
is known about them, it is thought that there is no book 
written entirely from the designer’s point of view. The 
present volume is intended to provide | designers and 
draughtsmen with reliable formule and information, 
in a readily accessible form. The writer knows, by his 


own experience, that for a book to be of value in a 


drawing office, it should be brief and to the point. It 
is seldom that a draughtsman has time to wade through 
many pages of descriptive matter in order to find a 
formula and the method of its application. Hence in 
this work brevity has been the chief aim of the writer. 

The formule given are all the result of actual practice, 
and only those which have given good results in use 
have been included. It is hoped that by these formule 
the work of designing a motor, and the various other 
parts of a motor vehicle treated upon, will be reduced 
to a minimum. Numerous examples will be given to 
make the application of the formule as clear as possible. 

The mathematics used have been kept in as simple 
forms as possible, not only to save time, but also to assist 
those to whom the higher mathematics are riage teat 
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st 
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The historical and theoretical aspects have only been 
lightly treated. Both have been ably dealt with by 


more competent hands than the present writer’s, and, 
moreover, they are better kept apart from such a work 


as this. 

The writer’s thanks are due, and are heartily accorded, 
to Mr. E. J. Stoddard, of Detroit, U.S.A., for his per- 
mission to include some of his work. The writer is 
indebted to him for the formula for the design of 
cylinders (p. 12), and for his diagram (Fig. 6) of 
pressures and volumes. Probably many of the formule 
will be recognized as old friends, though, perhaps, in 
new disguises, As far as possible errors have been 
eliminated by careful checking, and it is thought that 
‘the book may be relied upon to give good working 
results. In this matter of revision material assistance 
has been rendered the writer by Mr. G. W. Sinclair, 
notably with regard to the mathematics, 

It has not been thought necessary to give the deriva- 
tion of the various formule, which -would not affect 
their utility. 

In addition to the general index, all the formula 
have been separately indexed to facilitate reference. 


T. HYLER WHITE. 


Lonpon, 1904, 
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PREFACE TO THE SECOND EDITION. 


THE cordial reception accorded the first edition of this 
book by the press and automobile public has given much 
pleasure to the writer, who takes this opportunity of 
expressing his thanks. 

It seems to have been expected that examples of 
present-day designs should have been included for the 
guidance of designers, The writer ventures to think that, 
owing to the constant and rapid changes in automobile 
designs, such examples would quickly become out of 
date. Moreover, designers are already well served in this 
direction by the various journals devoted to automobile 
matters. Therefore, although several additions have been 
made to this second edition, giving data relating to the 
leading makes of petrol motors and speed gears, the 
original aim of the book has been adhered to, i.e. to 
enunciate principles rather than illustrate individual 
designs. 

Another point raised is that the book does not cover 
the whole of the subject of the motor car of to-day. It 
is the writer's experience that the matters treated upon 
are those which are most often required by the motor 
designer, and it has been thought preferable to confine 
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the book to these points, and thereby keep it within 
handy limits. Fen: 

The Table of Data relating to Typical Motors is 
inserted by the courtesy of Mr. Robert E. Phillips, and 
will show the extraordinary variation in present-day 
motor design. 


T. HYLER WHITE. 


Lonpon, 1905, 
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PART JI. 


PETROL MOTORS AND MOTOR CARS. 


PETROL MOTORS. 
INTRODUCTORY. 


I. The Beau de Rochas, or Otto Cycle.—It was in 
1862 that M. Beau de Rochas, a French engineer, patented 
an internal combustion engine, the principles of which have 
formed the basis for designers of this class of engine ever 
since. The conditions laid down in the patent, upon 
which the success of the engine depended, were— 

(a) Maximum cylinder capacity, with a minimum of 

circumferential surface, 

(b) High piston speed. 

(c) Greatest possible compression. 

(d) Maximum pressure at the commencement of the 

power stroke. 

With the exception of 5, these conditions have been 
embodied in all the most successful internal combustion 
engines. The exception, high piston speed, has also been 
adopted to a certain extent. It has been found that the 
piston speed is limited in practice. 

The Beau de Rochas cycle is often miscalled the Otto 
cycle, chiefly because Dr. N. A. Otto was the first to make 
practical use of it in an engine, but the whole credit of 
the invention is certainly due to Beau de Rochas. 

B 2 
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The series of operations in an engine working on this 
cycle are shown diagrammatically in Fig.1. The indicator 
diagram, shown above the cylinder, will enable the action 
of the gases, in relation to the movements of the piston, to be 
followed. Similar letters are used to denote corresponding 
points in the cycle on the crank path, piston travel, and 
indicator diagram. As it requires two complete revolutions 
of the crank shaft for completion of the cycle, the crank 
path has been drawn as two circles, to prevent overlapping. 


ae 
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During the first out-stroke of the piston, from A to B, 
a charge of air and gas is drawn into the cylinder through 
the inlet valve I. From B to C, the first in-stroke, the 
charge is compressed. At about point C the compressed 
charge is ignited, and the consequent rise in pressure 
causes the piston to make its second out-stroke (power 
stroke) from C to D. During the second in-stroke, D to E, 
the exhaust valve X is held open, and the products of 
combustion are expelled, thus completing the cycle. 

To avoid infringing the patent rights which covered 
this cycle, many attempts were made to construct engines 
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working on a different cycle. Of these, that patented by 
Mr. Dugald Clerk, in 1880, was one of the most successful, 
In this engine the suction and exhaust strokes of the 
Beau de Rochas cycle were eliminated. A separate pump 
was employed to force the charge of air and gas into the 
cylinder at the termination of the expansion stroke, 
sweeping the products of combustion out through ports in 
the cylinder wall, which were uncovered by the piston 
towards the end of each out-stroke. This charge was com- 
pressed by the in-stroke of the piston and ignited in the 
usual manner, and thus a power stroke was obtained once 
in every revolution of the crank shaft. 

Two-stroke-cycle Engines.—The Beau de Rochas 
cycle requires four strokes of the piston to complete it, 
and a power stroke is only obtained once in every alternate 
revolution of the crank shaft. Not only because of the 
patent rights, but to obtain a more even turning moment, 
two-stroke-cycle engines have received a good deal of 
attention from time to time. The present type of two- 
stroke-cycle engines have been evolved from the Clerk 
engine, and the operation of a typical example is shown 
diagrammatically in Fig. 2. The reference letters are 
used in a similar sense to those in Fig. 1, two separate 
circles being used for the crank path, the inner one show- 
ing the operations taking place in the crank chamber, and 
the outer one those occurring in the cylinder. By the aid 
of the indicator diagrams shown above the cylinder and 
the crank chamber, the behaviour of the gases can be 
readily followed. 

During a part of the first in-stroke of the piston, from 
A to B, a charge of air and gas is drawn into the crank 
chamber, through the check valve at V. During a portion 
of the first out-stroke, from B to C, the piston compresses 
the charge within the crank chamber to about five pounds 
per square inch above atmosphere, until the piston has 
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moved far enough to uncover the port I in the cylinder 
wall, when a considerable part of the compressed charge 
flows into the cylinder (C to A), through the transfer pipe 
shown. This charge is then further compressed by the 
next in-stroke of the piston, from D to E, and is ignited, 
as in a four-cycle engine, causing the piston to make a 
power out-stroke from F to G. Just before the inlet port 
I is uncovered by the piston, the exhaust port X is 
uncovered, thus allowing the products of combustion to 
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escape, G to H. By the time the pressure in the cylinder 
has dropped to somewhere about that of the atmosphere, 
the inlet port I is again uncovered, and a new charge 
enters the cylinder. The fresh charge is prevented from 
passing across the piston, and so escaping through the 
exhaust port X, by the bafile plate, cast on the piston head, 
which deflects the incoming charge towards the top of the 
cylinder, and thus assists in sweeping the products of 
combustion out through the exhaust port. The operations 
in the crank chamber are simultaneous with those in the 
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cylinder, as will be evident from inspection of the two 
crank-path circles. Thus while the fresh charge is being 
drawn into the crank chamber, the piston is compressing 
that already in the cylinder, and while the charge in the 
crank chamber is being slightly compressed, the piston is 
receiving its impulse from the pressure due to the com- 
bustion of the charge in the cylinder. Thus a power stroke 
is obtained once in every revolution of the crank shaft. 

Considering the two- and four-stroke cycles, applied 
to engines of the same size, and working under equal con- 
ditions as to speed and fuel, it would appear reasonable 
to suppose that a two-stroke engine should develop twice 
the power of the four-cycle, as it has twice as many power 
strokes ina given time. As an actual fact this is claimed 
by some interested manufacturers of two-stroke-cycle 
engines, but so far has not been realized in working. The 
reason is not very evident, but probably leakage of the 
charge, combined with undue dilution of the mixture with 
the products of combustion remaining in the cylinder, has 
a good deal to do with it. The compression in a two- 
stroke-cycle motor is not carried to so high a point asin a 
four-cycle, and this partly explains why they are not so 
economical in fuel consumption. Hence it is that although 
a two-stroke-cycle motor shows increased power for a 
given-sized cylinder, as compared with a four-cycle engine, 
both being operated under the same conditions as to speed, 
the gain is obtained at the expense of economy. Ib is 
seldom that the actual gain in power exceeds 60 per cent. 
over that developed by a four-cycle engine of equivalent 
dimensions. 

The chief claim for consideration in a two-stroke-cycle 
engine is its undoubted simplicity. There is a total 
absence of valves, except the check valve in the crank 
chamber, and even this is abolished in one design by 
making the piston act to close and open a port in 
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communication with the carburettor. Again, there are no 
gears, cams, springs, etc., so that the engines are cheap to 
manufacture and cost little for repairs and upkeep. It 
would seem that this design of engine will continue to 
receive much attention, and it may be that it will become 
a powerful rival of the four-cycle motor, especially for 
automobile work. 

In this book, however, all the formule relate to four- 
stroke-cycle engines; it is not probable that they will be 
superseded for some time to come by the two-stroke 
engine. 

Symbols and Definitions.—The internal combustion 
engines considered in the following pages are those using 
petroleum spirit, having a specific gravity of 0°68 to 0°70, 
and with a low flash-point, as fuel, This spirit is commonly 
known as “petrol,” and much information regarding it 
and its combustion will be found on pp. 48-51. 

The working of an internal combustion engine is a 
strictly thermodynamic process, and the work done is 
proportional to the change in temperature. For an average 
case the change in temperature will be proportional to— 

3 4/p_ ak 
Cos 1) and ( 2 1) 
From these expressions it would appear that high com- 
pression is conducive to increased efficiency, and this 
assumption is verified in practice by the high thermal 
efficiency of the Diesel motor, in which the compression 
is carried to upwards of 500 lbs. per square inch. For 
use on an automobile, such pressures are, for the present 
at least, quite out of the question, and about 90 Ibs. per 
square inch, absolute, will be found to be the practical 
limit. Even with this pressure some device will be neces- 
sary to allow the pressure to be partly relieved when the 


* For meaning of symbols see p. 11. 


Mean effective pressure in pounds per square inch 


above atmosphere. 
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motor is started, especially when the cylinder is large in 
diameter. The compression is limited in ordinary four- 
and two-cycle motors, in which the fuel is present in the 
cylinder during compression, by the liability to premature 
ignition of the charge by the rise in temperature due to 
compression. Somewhere about 90 to 100 lbs. per square 
inch will be the limit from this cause. 

The compression pressure is an important factor in 
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Compression pressure in pounds per square inch above atmosphere. 
Fia, 3. 


the mean effective pressure, and it is reasonable to suppose 
that the latter will increase in some fairly constant ratio 
to the rise of the former. Mr. Frederick Grover’s well- 
known formula, M.E.P. = 2C — 0:01C?, in which C = the 
compression pressure in pounds per square inch above 
atmosphere, is graphically illustrated by the dotted curve 
in Fig. 3. In this diagram the vertical scale gives the 
mean effective pressure and the horizontal scale the com- 
pression pressure, both in pounds per square inch above 
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atmosphere. From practical observations, the writer 
ventures to think that the full line in the diagram indi- 
cates results more in accordance with actual practice. 
It will be seen that the full line shows a fairly regular 
increase in the mean effective pressure as the compression 
pressure rises. : 

Much of the efficiency of a motor will depend upon 
the form of the combustion chamber. It should have a 
maximum of cubic capacity witb a minimum of surface, 
and this condition is best fulfilled when the combustion 
chamber is hemi-spherical in form. Pockets, or ports, 
which interfere with the regular form of the combustion 
chamber tend to lower the heat of the burning gases and 
to decrease the efficiency of the motor; from which it will 
be gathered that those motors which have the inlet and 
exhaust valves on opposite sides of the cylinder, and there- 
fore in two separate pockets, are not as efficient as they 
might be. The most efficient motor, other things being 
equal, will be that in which the valves open directly into 
the combustion chamber without the intervention of any 
ports or passages. 

Before a motor can be designed, certain data must be 
obtained, and some factors assumed. Usually the brake 
horse-power, number of cylinders, and the number of 
revolutions are given. The compression pressure may be 
assumed, but should always have as high a value as 
possible. The number of cylinders will be governed by 
the space at command and on the permissible amount of 
vibration. The speed of the motor is also to a certain 
extent decided by the space available, since the power is 
proportional to the speed, other things being equal, and 
within the permissible limits for the piston speed. 

In the formule used for determining the dimensions 
of the cylinder and combustion chamber, the symbols 
employed have the following meanings :— 
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Let P’= the pressure existing in the cylinder at the 
commencement of the compression stroke, 
in pounds per square inch absolute. 

P, = the compression pressure, in pounds per square 
inch absolute. 

P, = the maximum pressure due to combustion, in 
pounds per square inch absolute. 

P,; = the pressure at the termination of the expan- 
sion stroke, in pounds per square inch 
absolute. 

A = the cylinder area in square inches. 


Tia. 4. 


. V =the total cylinder length, with the piston at 
the termination of its out-stroke, in feet. 
V, = the total length of the compression space, 
with the piston at the termination of its 
in-stroke, in feet. 
T = the absolute temperature of the charge at the 
. commencement of the compression stroke. 
T, = the absolute temperature of the charge at the 
; termination of the compression stroke. 
_ N = the number of revolutions per minute. 
The symbols P, Pi, Ps, Ps, are shown graphically in 
Fig. 4, and V and V, in Fig. 5. 


é 
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Cylinder Design.—If W represents the work done in 
the cylinder of an internal combustion engine, in foot- 
pounds per working stroke, then— 


(1) W = 110 AV[(}) x 1] 
or=— 


Pvt. 

2 = aed be 

@) W = 110 Av[(p) — 1] (Stoddard) 
To be of practical use we require these expressions 

modified for the indicated horse-power. This we may 

obtain by multiplying by the number of impulses per 


ee i get BiG.-535 3. } is 


minute, equal to half the number of Teyolutions ee 
minute, and dividing by 33,000; thus— ~ 


V\s : 2 
Q) ae uy) a a # we 
oe 33000 “sf ri 
110 av[(?) ~1,N ty oe 


(4) Lue = ees ae 


and after reducing these two ie ae bes = : 

“ V\ Re 4 
AV[(¥.) XE ijn oe Bo cats 

(5) LHP, = ————— i; 


= 
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AV (2) - iN 


600 


or— 


(6) LHP. = 


These last two expressions may be reduced to the 
following forms, which are more convenient in use. 
The table of roots, p, 139, will be useful in this con- 


nection. 
600 x LHP. x LH.P. 
(7) = 
pea Beets _ 1)N + 
or— *. : 
600 x I.H.P. 
(8) = 


P, n 
(VP - ne = 
he In all these formule we have only considered the 
indicated horse-power. The brake horse-power will depend 
upon the mechanical efficiency of the engine, which for 
the larger sizes, say 15 H.P. and over, may be safely 
| sumed at 80 per cent., and for smaller engines 70 per 
S Put in other word’, the brake horse-power will be 
“ob ained by multiplying the indicated horse-power by 0°8 
1d 0° 7 for large and small motors respectively. 
se “To illustrate the use of the formule, we will take 
<* as an example a motor having two cylinders capable of 
ae ee ng 12 brake horse-power at a normal speed of 
*. 900 ‘evolutions per minute. We will assume the com- 
__ pression to be 70 Ibs. per square inch absolute, 7.e. 55 lbs. 
~ per re inch above atmosphere. Each of the two 
_ -eyli 3 must develop half the total power—that is, 
6 brake horse-power—and for a motor of this size we shall 
sige safe in taking the mechanical efficiency at 70 per cent, 
* & 
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: 6 
Hence each cylinder must be capable of developing 07 


= 8°57 indicated horse-power. 
Substituting these known values for their symbols in 

formula 8, we have— 
600 x 8:57 2: KS OL wn ee 


AV = @/@— 1900 ~ WB — 3 1-485 


= say 11°5 ft. 


Having the value of AV in feet, we may reduce it to 
inches by multiplying by 12, and hence— 


AV =11°5 x 12 = 138 inches z 


We may now assume the value of either of the factors 
A or V, and obtain that of the other by calculating. It 
is convenient to assume the value of A, and in this case 
we will take it as 15°9 square inches, te. the area of 
a cylinder 43 inches diameter. Expressing this as an 
equation, we have— 


15:9 V = 188 
.. V = 8°68 inches 


This gives us the total length of the cylinder with the 
piston at the end of its out-stroke. By subtracting from 
this the length of cylinder necessary for the compression 
space, corresponding to Vi, we shall obtain the stroke. To 
simplify this and eliminate calculations, the diagram, Fig. 6, 
has been prepared. To obtain the length of the com- 
pression space it is necessary to ascertain the value of 


the ratio = corresponding to 70 lbs. per square inch 


absolute. In the diagram, Fig. 6, commencing at the 

point indicating 70 lbs. on the right-hand vertical scale, 

draw a horizontal line to cut the curve AB, and from 

the point of intersection drop a perpendicular line to cut 
a 
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the base line. This will fallon the point marked °3. The 
Vi 
i 
therefore 0°3. By multiplying the value of V by this 


value of the ratio —— for 70 lbs. compression absolute is 


‘1 ss ec | 


fSasta a 3 
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figure, we obtain the length of the compression space; 
thus— 
* 8°68 x 0°3 = 2°6 inches 


The compression space (Vi) is therefore = 44 inches 
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diameter X 2°6 inches long, and the stroke of the piston 
will be 8°68 — 26 = 6:08 inches. It will be sufficiently 
accurate for all practical purposes if we take the length of 
stroke as 6 inches, and the length of the compression 
space as 23 inches. In other words, the length of the 
cylinder denoted by V should contain 138 cubic inches, 
and V; 42 cubic inches. The diagram, Fig. 6, will be of 
considerable assistance to a motor designer, as from it may 
be obtained, without calculation, the ratio of the cylinder 
and compression-space volumes for a given compression, 
the compression pressure corresponding to a given ratio of 
volumes, the approximate maximum explosion pressure, 
and the theoretical indicator diagram. In the diagram 
the vertical scales represent pressures in pounds per 
square inch absolute, 7.e. gauge pressure plus atmospheric 
pressure, which in this instance has been taken as 14°5 
lbs. per square inch, The horizontal scale at the 
bottom represents the total cylinder length (V), and is 
divided into tenths and hundredths. The method of 
reading the diagram is as follows: The curve AB shows 
the relation between volume and pressure during the com- 
pression stroke, and is to be read by the scale on the left. 
The curve CD has the same significance as AB, except 
that it is to be read by the left-hand seale of pressures. 
The curve EF represents the relation between volume and 
pressure after the charge has been ignited, or, briefly, is 
the expansion line. 

For example, suppose we have a motor with a ratio of 
volumes (Vi: V) of 1 to 4, or 0°25. What will the com- 
pression and maximum explosion pressures be, assuming 
that a correct mixture of air and gas is employed as fuel ? 

At the point @ on the horizontal scale, corresponding 
to the given ratio of volumes, = =}, or 0:25, erect a 
perpendicular abe, cutting the curve AB at ¢, and from 
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e draw a horizontal line to the scale on the right. This 
will be found to touch the scale at a point corresponding 
to about 90 lbs., which is therefore the absolute com- 
pression pressure. To find the maximum pressure due to 
combustion, continue the line abe to cut the curve EF 
at d, and from d draw a horizontal line, de, to the left- 
hand scale, and where it touches the scale the maximum 
pressure may be read. In this instance it is about 320 
lbs. absolute, or 305 above atmosphere. 

The theoretical indicator diagram is to be read entirely 
by the left-hand scale, and is represented by the curve Cb, 
compression line; dd, explosion line; curve dF, expansion 
line; and FC, exhaust line. The area enclosed by these 
curves and lines represents the indicated work of the 
engine per working stroke. 

From the diagram, Fig. 3, the mean effective pressure 
may be read directly. In this figure the horizontal scale 
at the bottom represents the compression pressure in 
pounds per square inch above atmosphere, and the vertical 
scale on the left the mean effective pressure, also in 
pounds per square inch above atmosphere. As mentioned 
previously, this curve has not been obtained solely from 
theoretical considerations, but has been deduced mainly 
from recorded data. It is not put forward as being exact, 
but as a close approximation to actual practical conditions. 
The compression pressure is an important factor in the 
mean effective pressure, inasmuch as a reduction of one 
pound in the compression pressure will make a difference 
of nearly 10 per cent. in the mean effective pressure. To 
make the relation between the pressures and volumes 
quite clear at a glance, they may be expressed in the form 
of equations ; thus— 


(9) Py SPeRy 22 
1 
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10 V,=V se em 
(10) 1 WA pV 5, 


both of which are convenient to use with ordinary tables 
of roots, and give results as accurate as can be expected 
from any general formule. 

When a charge is drawn into the cylinder it will be 
heated, and will then expand. Consequently the actual 
amount of combustible mixture taken into the cylinder 
will always be less than the theoretical quantity. The 
heating is mainly caused by the hot residual gases of the 
previous stroke. We may therefore assume that the rise 
in temperature from this cause will be approximately 
equal to the ratio of the volume of the hot gases to the 

Vi 
V—V;" 

Assuming the temperature of the air to be 60° Fahr., 7.e. 
520° Fahr. absolute, and adding to this the above ratio, 
multiplied by a constant (280), which gives results corre- 
sponding to recorded data, we shall have— 


volume of the charge drawn in, or to 


(Qy T= 280(— “1, ) + 520 


By multiplying the results obtained from equation 11 
by the expression au = we shall have the temperature 
1 


at the end of the compression stroke; thus— 


(12) Tote Ty /, is 
1 


In the following table the values of T and T; have 
been calculated from equations 11 and 12, and the volume 
ratios to which they correspond will be found in the first 
column :— 
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TABLE 1. 

— T Ty) 
05 800 1008 
0-475 773 990 
0°45 749 977 
0°425 727 967 
0-4 707 959 
0°375 688 955 
0°35 671 952 
0°325 655 953 
03 640 956 
0°275 627 964 
0°25 613 973 
0°225 601 988 
0-2 589 1008 


Now the average value of Tj, as shown by the last 
column, is 973° Fahr. absolute, and this average varies less 
than 4 per cent. from the two extremes. Therefore we 
shall not introduce any serious errors into our calculations 
if we assume the temperature of compression as constant 
and equal to 973° Fahr. absolute. 

With a rich mixture, and with all conditions favour- 
able, the temperature will rise to somewhere about 3400° 
Fahr. absolute, on ignition. The exact temperature attained 
when the charge is ignited is at the present time still a 
matter for some conjecture, but the above value will be 
close enough for the purpose of these calculations. The 
pressure rises in proportion to the temperature, so that 
by multiplying the compression pressure by the ratio 3,602 
we shall have the maximum pressure due to combustion. 
Hence— 


(13) Po = Pi 3600 = 3°5P; nearly 


If it is correct to assume the same law for expansion 
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as for compression, the pressure at the termination of the 
expansion stroke should be obtained by the following 
expression :— 


(14) Pg = 35P = 35 x 14'7 = 51°45 lbs. absolute 


There is some doubt as to the absolute accuracy of this 
last expression, as the same law does not quite answer 
for compression and expansion, but the actual results 
approximate very closely to recorded data, so that the 
formula may be allowed to stand as a convenient approxi- 
mation, 

The ratio between the cylinder diameter and the length 
of stroke is mainly determined by the piston speed allowed. 
This varies between wide limits in actual practice, ranging 
from 600 to as much as 1800 feet per minute. The most 
economical piston speeds are, for vertical motors, 800 feet 
per minute, and for horizontal motors 700 feet per minute. 
Where space is limited, and a larger output from a given- 
sized engine is required, these speeds may be somewhat 
exceeded, with a corresponding loss of efficiency. 

In small motors the thickness of the cylinder walls 
is not so much a matter for calculation, but is rather 
determined by the requirements of the foundry. It is 
most unlikely that small cylinders will be cast so thin 
as to be unsafe, but with cylinders of 4-inch diameter and 
upwards it is advisable to calculate the thickness. <A 
convenient formula for rapidly approximating the thickness 
of the walls is— 


(15) K = 0:075D 


where K = the thickness of the cylinder walls in inches, 
and D = the diameter of the cylinder bore in inches. If 
we wish to calculate the thickness, taking into account 
the safe stress per square inch to be allowed for the 
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material of which the cylinder is composed, the following 
equation may be employed :— 


PD 

of 

in which K = the thickness of the cylinder walls in 
inches, D = the diameter of the cylinder bore in inches, 
P, = the absolute compression pressure, and f = the safe 
working stress in pounds per square inch. If we take 
the maximum pressure as 3°5 times the compression 
pressure, and the safe stress at 3500 lbs., the expression 
becomes— 


(16) oe 


_ 35PiD 
eo) K= “7900 
which after reducing will be— 
_ PD 
(18) ~ 2000 


There does not appear to be any need for a formula 
for the thickness of the water-jacket walls, as there is no 
stress to speak of to be resisted by them. If made thick 
enough to obtain good castings, the jacket walls will be 
quite strong enough for all other purposes. If a rule is 
required for the sake of uniformity of design, then the 
jacket wall may be made half the thickness of the 
cylinder wall. 

The water space around the cylinder should bear some 
relation to the thickness of the cylinder wall, and a ratio 
which gives good results is to make this space 1°5 times 
the thickness, or 15 K. For small cylinders the space 
will probably be determined by the ability of the moulder 
who makes the casting, rather than by the formula. The 
limit for the water space from this cause will be about 
inch. In designing the cylinder and its water jacket, 
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care should be taken to avoid all pockets in which air or 
steam may collect and prevent the water coming in contact 
with the cylinder walls, as this would tend to cause 
unequal cooling, with perhaps serious results, The import- 
ance of keeping the cylinder uniform in shape, and without 
pockets, has been mentioned on p. 10. 

In motors which have more than one cylinder cast 
integral with the water jacket, it is good practice to 
arrange for a water space between the cylinders. This 
not only ensures more equal cooling effect, but, by the 
thickness of the metal being made more uniform, will 
tend to prevent sponginess in the castings. All water- 
jacketed cylinders should be tested by water pressure to 
at least 50 lbs. per square inch, inside the jacket space, 
to make sure that the metal is sound, and this should be 
done after the cylinder bore has been machined. If there 
are very small cracks in the jacket, the casting need not 
be rejected, as by filling the jacket with a solution of 
salammoniac the cracks can be rusted up. If, however, 
there are the slightest signs of water percolating into the 
cylinder or combustion chamber, the casting should be 
replaced with a sound one. The sudden and severe 
stresses to which the cylinder, and especially the com- 
bustion chamber, are subjected render the use of the 
rusting-up process an unsafe remedy. 

The valve chamber should always be well water 
jacketed, especially around the exhaust valve. The inlet 
valve can generally be left unjacketed, as the rush of the 
cool mixture past this valve will, as a rule, keep this part 
cool enough. In this connection it may be noted that 
the sparking plug should always be located in such a 
position that the cool incoming charge will impinge upon 
the sparking points, and thus prevent them becoming hot 
enough to cause premature and irregular ignition. 

Valves.—Until recently it was a very common 
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occurrence to find the valves and valve ports consider- 
ably smaller than they should have been. The importance 
of ample area for the valves and valve passages may be 
gauged from the fact that for each pound reduction of 
pressure below atmosphere at the commencement of the 
compression stroke, the power of the engine will be lowered 
about 10 per cent. A short lift to the valves allows of 
their closing in a shorter time than when the lift is high, 
and for this reason the diameter should be kept as large 
as can be conveniently allowed. The main factor in 
determining the areas of the valves and passages is the 
speed at which the gases will pass through them. Hence 
the size of the valves will depend upon the area of the 
piston and its speed in feet per minute. 

For the inlet valve and port, the area should be such 
that the speed of the gases will not exceed 100 feet per 
second, and for the exhaust valve 85 feet per second. If 
the exhaust gases were expelled from the cylinder at 
atmospheric pressure the allowable speed could be the 
same as for the incoming charge; but as at the moment 
of release the pressure is never much less than 25 lbs. 
above atmosphere, and may be as high as 51 lbs. (see 
formula 14, p. 20), the lower speed is taken. 

A common rule for the valve dimensions is to make 
the inlet-valve area one-twelfth and the exhaust-valve 
area one-tenth the area of the cylinder. For roughly 
approximating the sizes of the valves this rule answers 
fairly well, but to obtain the best results the following 
formule should be employed :— 


Let S = the piston speed in feet per minute. 
A = the area of the cylinder in square inches. 
= the area of the inlet valve in square inches. 
E =the area of the exhaust valve in square 
inches. 
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AS 
WY) T= 6000 
AS 
(20) E = 5000 


The angle of the valve seatings should be 45° to the 
vertical axis of the valve stem. If made more acute, there 
is some risk of the valve sticking in the seat; if much 
flatter, particles of carbonaceous matter may adhere, and so 
prevent the valve closing properly. The width of the 
actual seating may be about equal to half the thickness of 
the head of the valve, or 0°05 times the diameter of the 
valve opening. The wider the seating, in reason, the 
longer the valve will work without it being necessary to 
re-grind the seating. Also the pitting and erosion due to 
the rapid passage of the hot products of combustion is 
much more pronounced with narrow than with wide seats. 
The valves themselves are usually made of one piece of 
mild steel, but in the case of large valves the head is 
sometimes made of cast iron, or even nickel alloy, which 
is screwed and riveted to a mild-steel stem. This is 
claimed to make a more durable valve than one constructed 
entirely of steel, but the writer’s observations go to show 
that the greater amount of pitting and erosion take place 
on the valve seat, and that a mild-steel valve head is 
practically as good as one of cast iron. It might be 
expected that nickel steel would give the best all-round 
results as a material for exhaust valves, but the writer 
has no data on this point. When the head of the valve is 
made separate from the stem, there will be a possibility of 
the head becoming loose on the stem, which is entirely 
avoided by the one-piece valve. 

It is of the utmost importance that the guide, in which 
the stem of the valve works, should be perfectly concentric 
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with the valve seat. The practice of making the valve- 
stem guide separate and screwing it into the valve box is 
to be deprecated, as it usually results in the guide being 
eccentric with the seat. Even if made true to commence 
with, the expansion and contraction due to the changes in 
temperature will, in the majority of cases, cause the guide 
to become eccentric with the seat sooner or later. If cast 
integral with the valve box, the guide can be made true 
with the seat once for all, and will remain so. If, how- 
- ever, the valve box is insufficiently water jacketed, or is 
cooled on one side more than another, there will be con- 
siderable risk of the valve-stem guide being warped when 
the valve box is heated. 

Next to having the valves the correct size, the matter 
of timing their operation takes an important position. The 
exact moment at which the exhaust valve should open 
depends, for the most part, on the piston speed. A motor 
running with a high piston speed will require to have the 
exhaust valve opened considerably earlier in the cycle 
than when the piston speed is low. There is not much 
data available on this point, but as a guide it may be 
stated that with a motor having a piston speed of 700 feet 
per minute, the exhaust valve should commence to open 
when the piston has completed eight-tenths of its stroke, 
and close when the piston has started on its suction stroke, 
and not exactly at the dead centre. The reason why the 
valve should be late in closing, although this is contrary 
to usual practice, is that with a high piston speed the pro- 
ducts of combustion will not have all escaped from the 
cylinder at the termination of the exhaust stroke. The 
exact amount by which the closing of the exhaust valve 
should be delayed will best be determined by experiment. 
At slow piston speeds of, say, 500 feet per minute, the 
exhaust valve may be closed exactly at the dead centre. 
The writer has observed a decided improvement in power, 
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in the case of high-speed motors, when the closing of the 
exhaust valve has been thus delayed, hence it is reasonable 
to assume that the products of combustion are not entirely 
expelled by the time the piston has finished its in-stroke. 
From consideration of this point the writer has for some 
time been of the opinion that the mechanically operated 
inlet valve, as applied to high-speed engines, is a mistake. 
The usual practice is to open the inlet valve immediately 
the exhaust valve closes, without reference to the pressure 
existing in the cylinder. Thus if the pressure within the 
cylinder is above atmospheric at the moment the inlet 
valve is opened, in place of a fresh mixture flowing into 
the combustion chamber, there will be a rush of the 
residual, burnt gases into the carburettor. Before any 
fresh mixture of air and gas can be taken into the cylinder, 
these burnt gases must be drawn back through the inlet 
valve, and the greater the piston speed, the more will this 
effect obtain. With a motor required to run at a low 
piston speed, the mechanically operated inlet valve un- 
_ doubtedly gives better efficiency than the automatic valve, 
~ and in point of fact the chief claim made by the advocates 
of the mechanical valve is that it enables the motor to be 
run at a much slower speed than when it is equipped with 
automatic inlet valves. 

The most rational method of overcoming the defects of 
the automatic and mechanically operated inlet valves 
would seem to be that in which the moment at which the 
valve opens should be determined by the pressure existing 
in the combustion chamber, as in the valve gear invented 
by Mr. Rh, E. Phillips, M.I.M.E., where the pressure of the 
spring which holds the inlet valve on its seat is relieved a 
short time before the completion of the exhaust stroke, and 
the inlet valve is kept closed by the pressure of the gases 
in the cylinder. When the pressure in the combustion 
chamber falls to that of the atmosphere the inlet valve is 
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free to open, either by its own weight, if inverted, or by 
the suction effect of the piston, without the restraining 
influence of any spring. A light spring may even be 
used to assist the valve in opening. Prompt closing of 
the valve is ensured by the valve spring being allowed to 
again resume its function. With automatic inlet valves 
the spring tension is a matter requiring careful adjustment. 
If too strong, the valve will only open, and remain open, 
while the pressure in the cylinder is below that of the 
atmosphere to an extent depending upon the strength of 
the spring, resulting in small charges and a consequent 
lowering of the compression pressure. With a weak 
spring the valve will open with a very slight vacuum in 
the combustion chamber, and thus full charges » be 
assured, but the closing of the valve may be so ayed 
that the greater portion of the charge will be mia 


into the carburettor. At the best only a compromise is~ — 


possible, and the general tendency is towards using a fairly. 
strong spring, and rightly so, as the lesser of two evils. 
The time taken by the inlet valve in closing, especially _ 
with high-speed motors, is important. This time may be. 
calculated from the following formula :— 


(21) 2 007214 / EW 


in which S =the time in seconds, L=the lift of the 
valve in inches, W = the weight of the valve, and M = 
the average pressure exerted by the spring. W and M 
must both be taken in the same units, either ounces or 
pounds. Taking, for example, an engine running at 800 
revolutions per minute, with a valve weighing 6 ounces, 
and having a lift of, say, $4} = 0°34375 inches. Assuming 
the spring selected to have an average tension of 12 
ounces, and substituting known values in the formula 21, 
we have— 


ae ey 
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: 0344 x 6 _ ; 
S = 0:0721 we see a ta about 0°03 second 


At 800 revolutions per minute the engine would make 
one revolution in ,&% = 0°075 second, or one stroke in 
0:038 second; that is, the engine would make nearly one 
complete stroke while the valve is closing. Evidently a 
much stronger spring is required. To calculate the size 
of spring to be used the formule given by Professor Unwin 


7 
Fig. 7. 


will be found of great utility. For the force required to 
compress, or extend, the spring, we have— 


( ) 3 


in which F = the force necessary to compress (or extend) 
the spring one inch, in ounces; @ = the diameter of the 
wire in inches; 7 = the mean radius of the coil in inches; 
and m =the number of coils. These proportions are 
graphically illustrated in Fie. 7. 

The formula for the safe working load on the spring, in 
pounds, is— 


e 
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the notation being the same as for formula 22. To 
facilitate the application of these two formule, the following 
table has been calculated :— 


TABLE 2. 
eo oe es 3,250,000d* ounces. 10,000d* pounds, 

6 0-203 5519°0 83:4 

7 0-18 3412:0 58°32 

8 0°165 2409:0 44-92 

9 0-148 1560:0 32:4 
10 07134 1048-0 24:0 
11 0-12 6740 17:28 
12 0°109 458'8 12:96 
13 0-095 264-7 858 
14 0-083 154:3 5:72 
15 0-072 87°34 3:74 
16 0-065 58:02 2°74. 
17 0-058 36:78 2-0 
18 0-04 18°74 117 
19 0-042 10°12 0°74 
20 0:035 4°88 0°428 
21 0-032 3:41 0:328 
22 0-028 2-0 0°22 
23 0-025 1:27 0°154 
24 0-022 0°7614 0106 + 
25 0-02 0°52 0:08 
26 0-018 0°3412 0:058 
ra | 0-016 0°213 0-041 
28 0-014 0°125 0:028 
29 0-013 0:093 0-022 
30 0-012 0:0674 0-014 


When the force required to compress, or extend, the 
spring 1 inch has been found, the force necessary to 
compress it more or less can be ascertained by simple 
proportion. 

In the example selected above we found that a spring 
with an average tension of 12 ozs. was much too weak 
to ensure prompt closing of the valve. Suppose we decide 
to try a 19-lb, spring to increase the speed of closing. 
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We shall have for the size of wire, from formula 23, 
assuming a mean radius of 4 inch— 


_ 1000048 


19 = Gon: 


Looking in the fourth column of Table 2, the nearest 
(higher) number to 4°75 is 5°72, corresponding to a No. 14 
gauge wire, which will therefore be strong enough, pro- 
vided the tension does not much exceed 19lbs. Suppose 
we have room enough for 32 coils; substituting known 
values in formula 22, we have for the force necessary to 
compress the spring 1 inch— 

3250000d* . pan : 
F= 39 x 0-958 0'5F = 3250000d 

From the third column in Table 2 we find that the 
value of the second member of this equation, for a 14 
gauge wire, is 154°3, and therefore the force required to 
compress our spring 1 inch will be— 


154 x 2 = 308 ozs, or 19°25 lbs, 


With this spring the valve will close in 0:0065 second, 
that is, in less than one-fifth of a stroke. The actual 
force exerted by the spring on the valve will be practically 
in proportion to the lift, or, as we have assumed a lift of 
43 inch, it will be equal to 19 x 0°34375 = 6:5 lbs. 

The arrangement of the valves differs considerably, and 
in some designs efficiency is sacrificed to obtain a motor 
symmetrical in appearance. It should be the aim of the 
designer to reduce, as much as possible, the length of the 
passage leading from the combustion chamber to the valve 
box. Long passages, especially if much curved, tend to 
cool the gases, and so lower the thermal efficiency of the 
motor. Other things being equal, the valves will be in 
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the best position when they open directly into the cylinder. 
The Maudslay motor is an excellent example of correct 
placing of the valves (Fig. 8). 

In designing the valve box there are two points which 
should not be lost sight of. One is that the exhaust- 
valve seat should be sunk below the level of the port 
leading to the combustion chamber, so that the products of 
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combustion do not impinge upon one side of the valve, 
but shall be compelled to flow equally all round it. If 
the gases strike the valve on one side only, it, and the 
seating, will be pitted and burnt in one part more than 
another, and regrinding will seldom effect a cure for this. 
The annular recess around the valve should provide ample 
area for the passage of the gases. 
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The second point is to make sure that there is sufficient 
room around the valve head, when lifted, for the easy 
passage of the gases. The annular space between the 
periphery of either the inlet or exhaust valve and the 
interior wall of the valve chamber should be about one- 
fifth greater than the actual area of the valve opening. 

It is as well to have a standard of proportions for the 
valves, and those given in Fig. 9 will be found to work 
out well in practice for exhaust valves. The same pro- 
portions may well be used for mechanically operated inlet 


valves, but for automatic inlet valves they may be made 
about 15 per cent. less. It is convenient to make the 
inlet and exhaust valves of the same size, and inter- 
changeable, when both are operated mechanically, 
calculating the area of both by formula 20, te. the 
inlet valve should be as large as the exhaust requires to 
be, and not vice versa. 

To provide ample surface to resist wear, and to prevent 
leakage as far as is reasonably necessary, the exhaust-valve 
stem guide should not be less than eight times the diameter 
of the stem in length, and will be all the better if made 
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10 diameters long. As the conditions of working are 
much less severe in the case of the inlet valve, the stem 
guide for this may be safely made 6 diameters long. 

The Piston.—There appears to be considerable varia- 
tion in the proportions adopted in the design of pistons; 
in some cases they are made as much as two and a half 
times the diameter in length, while in others the length 
and diameter are made equal. A standard may be adopted 
for the length, based on consideration of the wearing 
surface necessary, which will be found to agree with the 
average proportions used by the best-known makers. The 
piston of an internal-combustion motor has not only to 
transmit the energy of the “explosion” through the 
medium of the connecting rod to the crank shaft, but has 
also to act as a guide, and receive the angular thrust of 
the connecting rod. 

Fig. 10 gives suggested proportions for the piston, all 
the dimensions being based on the diameter as a unit 
with the exception of the gudgeon pin, which is best 
designed from consideration of the stresses it has to bear. 
At least three piston rings should be used on all but the 
smallest pistons, such as motor-bicycle engines, up to 
24 inches diameter, and for pistons larger than 34 inches 
diameter four rings are advisable. The use of an extra 
ring near the outer end of the piston is of doubtful 
advantage. 

The proper fit of the piston in the cylinder is a matter 
requiring some skill to accomplish satisfactorily. A point 
very often overlooked is the expansion of the end plate, or 
piston head, owing to its being in contact with the burning 
charge during the power stroke. From this cause the 
closed end of the piston will expand a sensibly greater 
amount than the open end; hence, when cold, the form of 
the piston should be such that the unequal expansion will 
be accommodated when the piston is heated. It is by no 
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means uncommon to find that a motor will give more 
power, and run more sweetly, after having been used some 
time than when quite new. This is probably due to the 
piston having been originally turned to fit the cylinder 
closely for the whole of its length, so that, when it is 
heated in running, binding takes place to a greater or 
lesser extent around the closed end, until by continued 
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running the piston wears on the parts which bear hardest 
against the cylinder walls. The writer’s method is to 
make the piston perceptibly smaller at the closed end 
before any running is attempted, to compensate for expan- 
sion. The allowance usually required is quite small, but 
the improvement in the running of the motor is very 
marked. About 0:01 inch on the diameter for each inch 
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diameter of the piston will be found a good working 
allowance. The reduction in diameter can be gradual, 
tapering from the standard diameter near the gudgeon pin 
down to the full reduction at the closed end. Another 
method, which gives equally good results, is to make the 
diameter slightly less on each of the belts between the 
piston rings, commencing with the standard diameter at 
the gudgeon pin, and dividing the total amount allowed 
for the reduction into equally proportioned steps between 
the rings. When a number of motors are to be made of 
one size it will be advisable to experiment with the first 
of the series till the piston bears equally along its whole 
length when hot, and to then carefully take the dimensions 
at various points with a micrometer, and to enter them on 
the piston drawing. 

Piston Rings.—To obtain a practically equal amount 
of pressure over the whole circumference of the piston 
rings, they should be made thicker on one side than the 
other, the cut, or split, being made at the thinnest part. 
The outside should be turned a dead fit to the cylinder 
bore after the ring has been cut, and with the opening, or 
slit, quite closed. The practice of turning the rings “ just 
a little” larger than the cylinder, making a plain diagonal 
saw-cut in them, and then springing them into the 
cylinder, cannot be too strongly condemned. Such rings 
are necessarily more or less oval in form, and the chances 
are that before they wear to a circular shape the cylinder 
bore will be worn somewhat oval, in which case the only 
remedy will be reboring. Also there can be no certainty 
that the joints of such rings will be close, and if they are 
not there is sure to be some leakage past them. The 
Davy-Robertson rings have much to recommend them, 
They are turned a dead fit to the cylinder bore, and are 
parallel in thickness all round, The necessary spring is 
obtained by hammering them on their inner surface, the 


36 PETROL MOTORS AND MOTOR CARS. 


ring being placed within a close-fitting die the while. 
The force of the hammer blows is graduated, being at a 
maximum opposite the joint, and at a minimum just at 
the joint. By this process the rings have perfectly 
uniform spring imparted to them. Moreover, the ring 
being of equal thickness all round, there is less chance of 
leakage by the gases passing behind the rings, as they fill 
the grooves in the piston more completely than eccentric 
rings. 

Fig. 11 shows the proportions for eccentric rings, the 


Fia. 11, 


unit being the cylinder diameter, and also illustrates the 
best form of joint. Hard cast iron is the best material 
for piston rings ; if made of steel, there is considerable risk 
of the cylinder walls being scored, and also the spring of 
cast-iron rings is superior and more lasting than that of 
steel rings. 

Gudgeon Pin.—The maximum pressure allowable on 
the gudgeon pin is 800 lbs. per square inch. This figure 
does not apply to the actual strength of the pin, but 
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rather to the adaptability of the bearing surfaces to retain 
the lubricant. In determining the size of the gudgeon 
pin the maximum pressure in the cylinder is used as a 
factor, and this may be obtained from the formula— 


ee S, 


in which the meaning of the symbols is as given on p. 11. 
The maximum pressure may also be read from the diagram, 
Fig. 6, p.15. The diameter of the gudgeon pin may be 
found from the following formula— 


(25) d = 0:06V P,LD? 


in which d = the diameter of the gudgeon pin in inches, 
D = the diameter of the cylinder in inches, L = the crank 
radius in inches, and P, = the maximum pressure in the 
cylinder. 

Crank Shaft.—The allowable pressure on the journals 
of the crank shaft and on the crank pin should not exceed 
400 lbs. per square inch. For the diameter of the crank 
shaft the following formula will be found to give liberal 
dimensions; but considering the great stresses to which 
the crank of an automobile engine is subjected, the size 
obtained will not be greater than is required to provide a 
good factor of safety— 


(26) d = 0:06D YP, 


where d@d =the diameter of the crank shaft, D = the 
diameter of the cylinder, and P, the maximum pressure 
in the cylinder in pounds per square inch absolute. Formula 
26 is suitable for cases where the length of the journal 
does not exceed 1°5 times the diameter. When the ratio 
of the length to the diameter is greater than this, the 
following may be employed— 
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in which L = the length of the journal, and the other 
factors are as above. In both these formule the diameters 
and the length are to be expressed in inches. 

If we wish to first assume the diameter of the journal, 
we can obtain the length from— 


Ap 
(28) L= Tod 

in which the factors are L = length of the journal in 
inches, A = the area of the cylinder in square inches, 
d = the diameter of the shaft or crank pin in inches, and 


Fig. 12: 


p = the mean effective pressure in pounds per square inch 
above atmosphere. This formula allows for a pressure not 
exceeding 400 lbs. per square inch on the projected area 
of the bearing surface. 

Suggested proportions for single-throw crank shafts 
are given in Fig, 12, based upon the diameter of the shaft 
as aunit. For crank shafts with more than one throw, 
the formule given above may be used, but the diameters 
so obtained should be increased by 10 per cent. in the case 
of two-throw shafts, and by 15 per cent. for four-throw 
shafts. If there is a bearing between each throw, then 
the webs will be strong enough if made to the proportions 
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in Fig. 12. Sometimes it is necessary to do without a 
centre bearing in a two-throw shaft, owing to lack of space. 
In this case the centre web should be made 1°3 to 1°5 
times the thickness of the outer webs. 

Connecting Rods.—The connecting rod used in a 
petrol motor is usually of the marine type, so far as the 
big end is concerned, the small end being provided with 
a simple bush, and non-adjustable. Provided there is 
sufficient bearing surface, ample lubrication, and suitable 
materials are employed, there is very little gain in 
making the small end of the rod adjustable. Under 
proper conditions the engine may be run for a long time 
before the gudgeon pin becomes loose in the bush, and 
when this does occur it is cheaper to renew the bush than 
to spend time in readjusting a small end bearing of the 
usual type. 

The section of the rod itse]f varies in different engines, 
but the most usual section is rectangular. Circular cross- 
sectioned rods are used to some extent, and they are 
somewhat cheaper to machine, being entirely finished in 
the lathe. For rods of circular cross-section, the following 
formule will be convenient for arriving at the mean 
diameter— 


LN. 

(29) d = 0:09VLDA/ v, 
eae Ao pi 

d = 0:09/ LD, /=, 

(30) STD, / 5 


in which L = the length of the connecting rod in inches, 
from centre to centre; D =the diameter of the cylinder 
in inches; and P, Py, V, Vi, as on p. 11. 

For a rod of rectangular cross-section the thickness 
may be 0°45 of the diameter as found by the above 
formula, and the width 2°5 times the thickness, All the 
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above data apply to rods made from mild-steel forgings. 
If malleable cast iron be used, the dimensions should be 
increased in inverse proportion to the relative strengths of 
the material as compared with that of mild steel. 

It is usual to rely on the oil splashed about the crank 
case for the lubrication of both ends of the connecting rod, 
but of late there have been motors constructed wherein 
the lubrication is effected by pumping the oil under 
pressure to the bearings through small pipes, as in the 
well-known Belliss and Morcom high-speed steam engine. 
The remarkable freedom from wear in the Belliss engine 
would seem to promise that by the same means petrol 
motors may be made much more durable than at the 
present time. Also some anxiety would be saved the 
operator. By providing suitable ducts the pressure system 
could be made to lubricate the piston as well. Another 
point in favour of forced lubrication is that the small oil- 
ways and pipes are not so liable to become stopped up as 
when the oil is merely allowed to run through them by 
gravity. 

The Flywheel.—As compared with steam engines of 
equal power, petrol motors, especially when single 
cylindered, require very heavy flywheels. This is, of 
course, due to the great proportion of idle strokes made by 
the piston, Motors having three, four, or more cylinders 
may have flywheels considerably lighter than when only 
one cylinder is used, owing to the greater regularity of the 
turning moment. In the formule given below, this point 
has received attention by the provision of a factor repre- 
senting the proportion of impulses to the revolutions per 
minute. Other things being equal, a flywheel of large 
diameter will be more efficient than a small one of equal 
weight, or, in other words, by increasing the diameter of 
the wheel, the weight may be reduced without loss of 
efficiency. In an automobile there is not often room for a 
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flywheel of large diameter, so that the rim must be made 
wide in order that the weight may be as far from the 
centre as possible, where its greatest effectiveness will be 
secured. As the duty of a flywheel is to act as a reservoir 
of energy, the effect of the other revolving masses, such as 
the clutch and gear wheels, the road (driving) wheels, and 
the weight of the vehicle itself, when all these are in 
motion, may be regarded as assisting the flywheel. When 
considering the speed variation of a motor, the difference 
in speed between no load and full load is not a matter for 
flywheel regulation, but for the governor. It is the 
steadiness in speed between the impulses that the fly- 
wheel is intended to effect, and in this matter the governor 
has no part. The degree of steadiness required for an 
automobile engine not being so great as for a stationary 
engine, a lighter flywheel can be employed. The follow- 
ing formule take into account the steadiness between the 
impulses, so that the designer can make his own choice. 
The permissible variation in speed can best be expressed 
as a coefficient, and the value of this for dynamo driving 
will be 0°01, but for a vehicle motor can be from 0:03 to 
0:05. The following formule give the weight of the rim 
of the flywheel :— 


(31) W ea D*nN?2 
aye 
322000AV(4/#! ~ 1), 
Bee Daw 


where W = the weight of the flywheel rim in pounds, 
D =the mean diameter of the rim in feet, N = the 
number of revolutions per minute, a =the maximum 
number of idle strokes between the impulses, and n = 
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the coefficient of speed variation allowed. For a single- 
cylinder motor having one impulse stroke in every four, 
the value of a may be taken as 4, that is, three idle strokes 
plus one to allow for the work absorbed in compressing 
the charge. The symbols P, Pi, V, Vi are as on p. 11. 
The value of ” is given above. For safety the speed of 
the figgbee! rim should not exceed 6000 feet per minute, 
or a maximum diameter of D = a where D = the 
diameter of the rim in feet, and N = the maximum number 
of revolutions per minute. 

As an example we may take the motor considered on 
p. 13 in reference to the cylinder formule. As there are 
to be two cylinders, we may take the value of a as 2, and 
allowing a speed variation of 3 per cent., » will be = 0:03. 
Hence, substituting known values in formula 31, we 
have— 


322000 x 15-9(0°723)(VI0—1)2 201°53 


ye 5? x 9002 x 0°03 =3.04 — 062 lbs. 


In this example the mean diameter of the rim has been 
assumed as 1'5 feet, and the value of V is also taken in 
feet, i.e. 8°68 inches = 0°723 foot. Having the mean 
diameter of the rim and the weight required, the width of 
rim necessary can be easily calculated. 

Although, as stated above, the flywheel has no part in 
reculating the variation in speed between no load and full 
load, it may be taken that a heavy flywheel will materially 
assist the action of the governor. The inertia of the heavy 
wheel will tend to prevent sudden changes of angular 
velocity, and so give the governor time to act. 

Balancing.—It is universally accepted that it is 
impossible to balance a reciprocating weight with one that 
is revolving, hence a single-cylinder engine cannot be 
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perfectly balanced. When more than one eylinder is 
employed, the reciprocating masses balance each other to a 
certain extent, as do also the swinging weights of the 
connecting rods. Motors with three or four cylinders can 
be made to run in almost perfect balance, so far as the 
moving parts are concerned. With a single-cylindered 
engine the writer is of the opinion that the weight of the 
piston can be entirely neglected, and only the crank pin, 
crank webs, and as much of the connecting rod as can be 
regarded as a rotating weight, need be provided for by 
balance weights. To determine how much of the total 
weight of the connecting rod to allow for, it should be 


weighed in the following manner. Support the piston end 
of the rod on a knife edge at a point opposite the axis of 
the piston pin, and let the other end of the rod also rest 
on a knife edge which is carried on a scale or spring 
balance. The rod should be kept as nearly as possible in 
a horizontal position, and the weight as given by the spring 
balance will be the amount to allow for in the balance 
weight, as representing the revolving mass of the rod. 
This method of weighing the rod is illustrated in Fig, 13. 
A rough-and-ready approximation is to allow half the total 
weight of the rod as the rotating weight. 

No general formula has as yet been evolved for 
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arriving at the correct weight of the balance weights, but 
the following will be found to give good average results. 
For special cases the weight as given by the formula may 
be taken as a basis for experiment. 


Let B = the weight of all the balance weights. 
M = the weight of the crank pin plus the rotating 
weight of the connecting rod. 
J = the weight of the unbalanced portion of both 
crank webs. 
m = the radius of the crank-pin path in inches. 
j = the radius of centre of gravity of the crank 
webs in inches. 
q = the radius of centre of gravity of the balance 
weights in inches, 


i 


The value of the factors B, M, and J are all to be taken 
in the same units, either ounces or pounds. 


_Mn+Jj 


(33) B ; 


The force due to the inertia of the reciprocating parts 
acts along their line of motion, and will be at a maximum 
value at the commencement and end of each stroke. At 
about the middle of the stroke the value is zero. Neg- 
lecting the effect of the connecting rod, the maximum value 
of this force is found by the usual formula for centrifugal 
force— 


(34) F = 0:00017N2WS 


in which F = the force in pounds, N = the number of revo- 
lutions per minute, W = the weight of the reciprocating 
parts in pounds, and S = the stroke in feet. To facilitate 
calculations, the values of the expression 0°00017N? for 
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various speeds have been calculated, and are tabulated 
below— 


TABLE 3. 

N 0-00017N2 N 0°00017N2 

| 

650 T1825 950 153-425 
700 83°3 1000 1700 
750 95-625 1050 187-425 
800 108°8 1100 205°7 
850 122'825 1150 224-825 
900 137-7 1200 244'8 


The forces due to the acceleration of the reciprocating 
parts may be graphically represented by means of an 
ordinary diagram of forces, as in Fig. 14. In this diagram 
the vertical lines are divided to represent the force in 
pounds, and the horizontal line the stroke, both to any 
convenient scale. For the purpose of an example, the 
diagram has been drawn for a motor with a stroke of 
5 inches, running at 600 revolutions per minute, the 
reciprocating parts being assumed as weighing 8 lbs. 
Substituting these values in formula 34, we have— 


F = 0:00017[(600)8 x 0°417] = 202 Ibs. 


Laying off this value upwards at one end of the stroke, 
and downwards at the other, and connecting these points, 
we get the line AB; the ordinates represent the forces, 
If the effect of the connecting rod is to be taken into 
account, we should increase the length of the vertical line, 
which represents the force at the commencement of the 
stroke, by the fraction of its length equal to the length of 
the crank divided by the length of the connecting rod, 
generally about 0°2. The other vertical line, representing 
the force at the end of the stroke, should be shortened by 
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an equal amount. Joining these points, we shall have the 
dotted line abd. 

As the magnitude of the forces which require to be 
balanced depend on the weight of the parts in motion, 
these should be made as light as possible, consistent with 
the necessary strength. 


Fig. 14, 


So far we have considered only the balancing of the 
moving parts of the motor, There still remains one force 
which cannot be balanced except by introducing an equal 
force acting in the opposite direction. The force referred 
to is the reaction due to the sudden combustion of the 
charge in the cylinder. This force can only be neutralized 
by exploding the charge between two oppositely moving 
pistons in one cylinder, or simultaneously in two cylinders 


“”~ 


a 


& 
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opposed to and in line 
with each other. The 
Gobron-Brillié and Koch 
motors are examples of 
the first, and the Lan- 
chester and some Ameri- 
can engines illustrate 
the second method. The 
Gobron-Brillié and the 
Koch engines both have 
a system of levers for 
transmitting the power 
from the two pistons to 
a common crank shaft, 
and these levers, with 
their connecting links, 
introduce vibrations of 
their own. In the usual 
type of opposed cylinder 
motors the two cylinders 
are slightly out of line, 
in order that a two-throw 
crank shaft may be used 
without having to make 
the connecting rods 
eccentric with the cylin- 
ders. From this a certain 
amount of wrenching 
ensues. 

In the motor illus- 
trated in Fig. 15 an 
attempt has been made 
to obtain perfect balance 
of the moving parts, and 
of the reaction due to 


ay, * 
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the explosion! The writer had a considerable share 
in the design of this engine, and also in running it for 
testing purposes, and can testify to the total absence 
of vibration. The swinging levers and links which 
are found in the Gobron-Brillié and Koch motors are 
replaced by gear wheels, which serve to couple the two 
crank shafts. The two larger (intermediate) gear wheels 
are utilized, one to operate the exhaust valve, and the 
other the electric ignition cam, each of these wheels being 
half the size of those on the crank shafts. The crank 
shafts revolve in opposite directions. In the original 
design of the engine the two crank shafts both revolved in 
the same direction, only one intermediate wheel being 
used, as shown in Fig. 16. The balance in this form of 
engine was on the whole good, but not perfect, hence two 
intermediate wheels were used to cause the cranks to turn 
oppositely. A fault of the design is the great length of 
the engine, which makes it somewhat unsuitable for 
motor-car work. Possibly by employing two cylinders of 
short stroke a motor could be built on the same lines 
which would be compact enough and yet develop sufficient 
power. 

Carburettors.—Although the petrol motor has been 
in every day use for a fairly long time, there is very little 
data on record dealing with explosive mixtures of petrol 
vapour and air. For want of more exact data, we must 
base our deductions, to a certain extent, on the behaviour 
of mixtures of coal-gas and air, and within limits the 
analogy will be close enough for all practical purposes. 

Petrol varies in density (at 69° Fahr.) between 0°680 
and 0°710 (76° to 68° Baumé). The boiling-points at 
these two densities are 149° Fahr. and 194° Fahr. respec- 
tively. The chief constituent of the vapour formed by the 
evaporation of petrol is pentane, having a specific gravity 

? Patent No, 2847 of 1899. F.C. Nunn and T. H. White. 
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of 0°640, and a chemical composition of CsHjg, the liquid 
itself being a mixture of hexane and heptane, the propor- 
tions varying with the specific gravity; hexane (CsHy,) 
having a specific gravity of 0°676, and heptane (C7Hjg) of 
0-718. 

The composition by weight of petrol having a specific 
gravity of 0°683 and a boiling-point of 154° Fahr. is— 
hexane, 80 per cent.; heptane, 18 per cent. ; and pentane, 
2 per cent. The chemical composition is, carbon 83°8 per 
cent. and hydrogen 16°2 per cent., corresponding to the 
formula 41°86CgHi, + 6'48C,Hig + CsHiz. It requires 
about 3°5 lbs. of air to consume 1 1b. of petrol, corresponding 
to a mixture of 100,000 volumes of air to 12°4 volumes of 
liquid petrol. The density of the vapour from petrol of 
the above specific gravity and chemical composition is 
about 3°05, and 1 kilogram of petrol vapour has a volume 
of 0°254 cubic metre. The proportions of petrol vapour 
and air, by volume, to give the greatest explosive effect, 
are therefore— 


0°254 


11800 = 2°15 per cent. 


For convenience of reference, we may tabulate the 
various properties of petrol thus— - 


Specific prayity ... .« » » « bu etier er wo O:680)t0-0!7-10; 
rOMInCaNOInG Mend «Gis site us 6 « «1 «1 49™t0:194° Nahr, 
Minomconstiivents a). . « «0 . +» ..% « ddexane:(OH;,): 
Volume of air for perfect combustion, per kilo. . 11°8 cubic metres. 
Proportion of liquid to air for perfect combustion 124 to 100,000. 
Proportion of yapour to air, by volumes. . . . 2°15 per cent. vapour. 


The following table shows the specific gravities corre- 
sponding to Baumé degrees at 60° Fahr. :— 
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TABLE 4. * 
Baumé degrees. Specific gravity. Baumé degrees. Specific gravity. 
Geneeneceperec te eeire Srna | eran scars a. 
63 0°728 72 0°695 
64 0°724 73 0°692 
65 0°720 Ue 0689 
66 ONT 75 0685 
67 0°713 76 0°682 
68 0°709 Ui 0°679 
69 0°706 78 0675 
70 0°702 79 0672 
71 0699 80 0669 


For every eight degrees above 60° Fahr. one degree 
Baumé should be subtracted from the hydrometer reading, 
and for every eight degrees below 60° Fahr. one degree is 
to be added to the Baumé degrees. With a mixture of 
correct proportions the whole of the vapour will be con- 
sumed, and no objectionable odour or fouling of the engine 
will occur. The limits for the proportions of air and 
gas for complete combustion are fairly close, hence a car- 
burettor requires to be carefully made and adjusted to 
ensure a constant supply of correctly proportioned mixture. 
Experience proves that a mixture of one volume of liquid 
petrol to about 8380 volumes of air gives good results. 
With these proportions combustion is rapid and the 
exhaust clean. Very little odour is to be noticed, and no 
fouling of the valves and ports. The proportions of the 
mixture will have to be varied somewhat, according to 
the quality of the spirit and the state of the atmosphere. 

With more than 10,000 volumes of air to 1 of liquid 
petrol the mixture will not explode properly. Therefore 
it is advisable to keep the ratio of liquid petrol to air 
somewhere between 1 to 8000 and 1 to 10,000, which 
ratios correspond to about 1°9 per cent. and 2°4 per cent, 
of vapour in each case, 
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“Mixtures are explosive up to a ratio of liquid petrol to 

air of about 1 to 4000, but when the ratio is reduced to 
1 to 3400, the mixture will not be combustible. The ratio 
of liquid to air of 1 to 4000 is equivalent to about 4 per 
cent. of vapour, and 1 to 3400 to about 5°5 per cent. At 
60° Fahr. air will not be saturated with petrol vapour till 
it has absorbed about 15 per cent. by volume. 

At the present time one hears but little of the surface 
carburettor, except for motor cycles. The defects of this 
type were that the lighter constituents of the petrol were 
apt to be evaporated first, leaving a residue of greater 
density, and the petrol was splashed about too much. 
Both of these defects necessitated a constant alteration of 
the air-valve to maintain the mixture somewhere near its 
proper proportions. Surface carburettors are more eco- 
nomical of fuel than the jet type, owing probably to the 
more perfect mixture of the vapour with the air. Also the 
air usually has considerably more freedom allowed for its 
passage through a surface carburettor than one of the jet | 
type; hence more power for a given-sized motor can be 
secured. 

Surface carburettors should be so proportioned that the 
air will pass through them at a speed not exceeding 80 feet 
per second. In a jet-type carburettor a good suction effect 
is required, so that the speed of the air may be increased 
to 100 feet per second. 

The suction effect at the jet varies as the sguare of the 
velocity of the air, so that when the motor increases its 
speed the proportions of the mixture are apt to be altered. 
Many devices are in use to prevent the mixture varying 
in quality, chiefly consisting of extra inlets for admitting 
air, operated by the suction effect of the piston, when the 
speed exceeds a predetermined limit. The writer proposes 
the form of carburettor shown in Fig. 17. The float 
chamber A is of the usual construction, and requires no 
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further description here. The jet B is surrounded by the 
inducing tube C, which is in one piece with the throttle 
valve D, This throttle valve is connected to the engine 
governor, so that as the speed of the motor falls the piece 
D will be raised. At the same time that the throttle valve 
is opened the effective area of the inducing tube will be 


Nee 


Fie. 17. 


increased, owing to its form, and thus the air will not 
greatly increase its velocity. If carefully proportioned, a 
carburettor on these lines could be constructed to maintain 
the mixture constant in quality. To compensate for 
variation in the specific gravity of the petrol, or the state 
of the atmosphere, a needle valve is provided at N to 
control the size of the jet aperture. Other things being 
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equal, the efficiency of a carburettor is the measure of the 
freedom with which the mixture passes to the engine. 
Were it not for the unequal vapourization of the petrol, 
and the constant variation in the proportions of the mixture, 
surface carburettors would be preferable to the jet type if 
only on account of the free passage of the air and gas 
through them. One other defect of the surface type is the 
liability of explosion should a flame find its way into it, 
as even at temperatures considerably below 32° Fahr. 
there will be an explosive mixture formed. 

Owing to the rapid evaporation of the petrol, heat is 
quickly absorbed from the metal forming the walls of the 
vapourizing chamber; hence provision must be made for 
supplying the heat necessary for the evaporation of the 
spirit. The usual plan is to provide the vapourizing 
chamber with a jacket, through which the heated water 
from the cylinder jackets, or a part of the exhaust gases, 
is allowed to circulate. The use of the water circulation 
is preferable to that of the exhaust gases, as the temperature 
is more likely to be kept even. 

Governing.—There are two principal methods of 
governing the speed of a petrol motor. Either the force of 
each impulse may be varied, or the number of impulses 
in a given time may be changed. All motors that are 
provided with a governor are controlled by one of these 
two methods, or some modification thereof. By the first 
method the force of the explosion is diminished by 
admitting a smaller charge into the cylinder. The effi- 
ciency of an engine governed on this system will not be so 
high as when the governing is effected by cutting out the 
impulses entirely, when it becomes necessary to reduce the 
speed. In the first method, by reducing the quantity of 
air and gas taken into the cylinder, the compression 
pressure is lowered, and this does not tend to make the 
engine economical, as explained on p. 8. But the turning 
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moment of the crank shaft is more even than when the 
charges are cut out altogether. The diminution of the 
amount of the charge can be effected in a variety of ways. 
A throttle valve in the pipe leading from the carburettor 
is the most usual device, but the same end may be accom- 
plished by altering the lift of the inlet valve, or the time 
it remains open. The Crossley motor employs an 
auxiliary cut-off valve, through which the mixture has to 
pass on its way to the inlet valves, and which is acted 
upon by the governor to cut off the supply of air and gas 
before the suction stroke is completed, when the speed of 
the engine increases to such a point as to render this 
desirable. 

Governing by cutting out the impulses may be 
effected in two ways when automatic inlet valves are 
used—either by retaining the products of combustion in 
the cylinder by causing the exhaust valve to remain 
inoperative during one or more cycles, or by allowing the 
exhaust valve to remain open during one or more suction 
strokes, either way preventing the formation of a sufficient 
vacuum to open the inlet valve. The first of these methods, 
ve. keeping the burnt gases in the cylinder, was the system 
adopted in the original Daimler motors, and was economical 
of fuel. By suitably designing the cams which operate 
mechanically opened inlet valves, the governor may be 
made to render these cams inoperative for as long as may 
be required to bring the engine speed down to the normal, 
or the valve rods may be acted upon with similar effect. 

It is possible to vary the speed of the engine by alter- 
ing the timing of the ignition ; but this is not to be recom- 
mended, as it is wasteful of fuel. By governing in this 
manner, the amount of fuel consumed will remain constant 
at all loads. The only use for this way of altering the 
engine speed is for temporary occasions, when other means 
are not so convenient, or in emergencies. 
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For stationary motors, such as those used for dynamo 
driving, the best system of governing is that in which the 
impulses are cut out entirely, as the utmost fuel economy 
is obtained, and the slight irregularities in speed can be 
compensated for by having a heavy flywheel. This system 
would also find acceptance for marine work. In the case 
of an automobile it is necessary to have some means of 
regulating the speed of the motor, within fairly wide 
limits, from the driver’s seat, and in this connection there is 
nothing better than the throttle valve. The hand-operated 
throttle valve gives the driver the power of adjusting the 
speed of the vehicle without constant recourse to the 
speed gearing, or rather it gives a means of control supple- 
mental to that of the gearing. 

Upon whatever system the governor works, it should 
be so designed that the driver of the car can nullify its 
action at will, when the greatest speed is required from 
the motor. It is good practice to arrange for an auxiliary 
throttle valve connected to the brake gear, so that when 
the vehicle is stopped the motor will be automatically 
slowed down, thus avoiding waste of fuel, and preventing 
undue vibration. 

The actual design of the governor may be left to 
individual judgment. Formule are of little value in 
connection with such small governors as are required in 
automobile work, and, moreover, there is generally a good 
deal of latitude allowed in the adjustment of the springs, 
The governor weights need only be small, even for high- 
powered engines, as the work imposed upon the governor 
is usually very slight. 

Ignition.—At the present time the ignition of the 
charge by an electric spark may be said to be universal, 
the hot-tube method having been quite abandoned for 
automobile engines. The only advantage to be claimed for 
the hot-tube method of ignition is its reliability and 
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simplicity. It is, however, not adjustable in regard to 
timing the moment of igniting the charge, and thus 
motors equipped with it can only be run at one speed 
economically. It is obvious that there is a risk of fire 
should anything cause an upset of the petrol, and this was 
by no means an unknown danger in the days when tube 
ignition was universal, or practically so. For stationary 
work, such as pumping or dynamo driving, tube ignition 
still has its uses, and is in many cases to be preferred to 
electric ignition for such purposes. 

There are two systems of electric ignition in use, 
either of which is capable of giving satisfactory results, 
provided it be properly installed and maintained in work- 
ing order. These two systems are known as the low- 
tension and the high-tension. The low-tension system 
requires a make-and-break device inside the combustion 
chamber, operated from the outside, usually by a cam on 
the valve-gear shaft. The system has the advantage that 
all the wires are easily insulated, owing to the low voltage 
of the circuit. The necessary fittings, with the exception 
of the sparking device in the combustion chamber, are 
cheap, and require few repairs. 

In the high-tension system there are no moving parts 
within the cylinder, but there is greater difficulty in 
insulating the conductors of the secondary circuit, owing 
to the high tension, which may be as great as 30,000 volts. 
In the matter of cost of installing, it is believed that 
there is very little to choose between the low and high 
tension systems. An efficient low-tension coil may be 
constructed as follows. The core should consist of a 
bundle of soft iron wire of about 20 B.W.G., and should 
be about 9 inches long by 1 inch diameter. A thin tube 
of insulating material is placed over the core, and upon it 
is wound double cotton-covered wire of 14 B.W.G. till 
there are three layers, The connections for such a coil 
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are seen in Fig. 18, in which A is the coil, B the source 
of current, and C the make-and-break device in the com- 
bustion chamber. With this system it is most important 
that the break between the sparking points in the cylinder 
should be as rapid as possible, and it is this particular 
which forms the principal claim in the numerous patents 
on the subject. The sparking points require to be in 
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‘contact long enough to ensure thorough energizing of the 
magnet, and with fast-running motors this matter becomes 
important. Too short a contact will so reduce the spark 
as to render the ignition of the charge very uncertain, 
and too long a contact will be wasteful of current. The 
same remarks apply to high-tension coils. The current 
should be allowed to flow, in either high or low-tension 
coils, for from 0°03 to 0°05 second, 


58 PETROL MOTORS AND MOTOR CARS. 


As the “sparking length” of a coil is considerably 
reduced when the discharge takes place in a dense medium, 
such as the compressed charge in the combustion chamber, 
it is advisable to have a coil capable of giving a spark 
quite 3 inch long in air. As this will require an electro- 
motive force of fully 30,000 volts, and possibly more, the 
necessity for perfect insulation will be evident. 

The use of an external spark-gap in series with the 
sparking plug is not always to be advised. The increased 
resistance offered to the passage of the secondary current 
increases the risk of the discharge taking place inside the 
coil itself, and once this occurs, the coil will be ruined. 
In any case, the external spark-gap strains the, insulation 
of the secondary winding, so to speak, and when it is 
intended to use this accessory the coil should be specially 
insulated. 

For a coil to give a half to one inch spark in air the 
following notes and dimensions will give satisfactory 
results. The core, of a bundle of well-annealed soft iron 
wire, should be 7 inches long by # inch diameter. The 
wire must be in perfectly straight pieces, and No. 22 
B.W.G. in thickness. The core is insulated with linen 
tape, wound on spirally in three layers, each layer well 
soaked in shellac varnish. The primary coil is wound 
directly on the insulated core, and should consist of two 
layers of No. 18 B.W.G. double cotton-covered wire, the 
length of this coil being about 6 inches, about half a pound 
of wire being required. 

The insulation between the primary and secondary 
windings is of vital importance, and should take the form 
of a vulcanite, or fibre, tube, } inch thick in the walls, 
and be a good close fit over the primary winding. At 
each end of the tube, hard wood, or vulcanite, cheeks are 
to be fitted to form a bobbin, upon which the secondary is 
wound, The quantity of wire to be employed for the 
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secondary winding will depend on the length of spark 
desired. For a }-inch spark, use half a pound; for a 
?-inch spark, three-quarters of a pound; and for a 1-inch 
spark, one pound. The gauge will be the same in each 
case, z.e. No. 36 B.W.G. double silk-covered. The wire 
must be free from kinks, and be tested from time to time 
to make sure that it is continuous, When fully wound, 
the whole coil should be soaked in hot paraffin wax, to 
exclude air and damp, and improve the insulation. 
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An efficient condenser is required, and for the three 
sizes of coils mentioned above this may consist of fifty, 
seventy, or ninety pieces of tin foil, each measuring 
7 inches by 4 inches. The condenser is to be connected 
in shunt across the primary contact-breaker terminals as 
in Figs. 19 and 20. The details of coil construction will 
be found in more than one work dealing only with this 
matter, and need not be particularized here. 
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To a motor-car designer the arrangement of the circuits 
will be of more use than a description of coil-making. 
High-tension coils are made in two forms, 7.¢. with, and 
without, trembler. For a non-trembler coil the connections 
are as seen in Fig. 19, and for a coil having a trembler as 
an integral part of its construction the connections will be 
found in Fig. 20. In each of these figures B is the source 
of current, P is the primary winding, S the secondary 
winding, T the trembler or contact breaker, C the con- 
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denser, H a switch for breaking the primary circuit when 
desired, and Z the sparking points to be located within the 
combustion chamber. With anon-trembler coil there is no 
need for an additional make-and-break device operated by 
the engine, as the trembler itself does this duty; but when 
the trembler forms part of the coil, a contact mechanism, 
often miscalled the commutator, is required. In Fig. 20 


‘this is indicated by W, and usually consists of a simple wipe 


contact. The rotating contact strip requires to be designed 
with a view to the current being allowed to flow for a 
sufficient time for energizing the coil at the highest speed 
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it is intended to run the engine. Obviously this will 
involve a certain waste of current at slow speeds, but to 
compensate the apparatus to give equal time of contact at 
all speeds would probably add more complication than the 
saving in current consumption would warrant. Also, it 
should be remembered that the motor will generally be 
worked at a speed more nearly approaching the maximum 
than the minimum. The timing of the moment of ignition 
is usually regulated by hand, but it would seem advisable 
to provide automatic means for doing this. With a motor 
of varying speed it is a matter of impossibility for any one 
to so adjust the contact device as to ensure the charge 
being ignited at the proper instant at all speeds. No 
harm can be done to the engine by setting the apparatus 
to fire the charge late, but if the spark is produced too 
early, by advancing the lead of the contact piece too much, 
the motor may be wrecked. There are plenty of cases on 
record where the connecting rod has been doubled up and 
the crank shaft bent or broken by giving the ignition too 
much lead. Wherefore some kind of centrifugal governor 
is desirable whereby the ignition shall always take place 
at the proper point in the cycle. In addition to reducing 
the number of levers requiring the attention of the driver, 
such a device would be a safeguard against premature 
ignition when the motor is started. 

The writer has used an ignition-timing governor of the 
type shown in Fig. 21, The insulating disc carrying the 
contact strip is fastened upon the boss B, the position of 
which in relation to the gear wheel is controlled by the 
weighted arms A and A’. As these arms move outwardly 
towards their extreme position, which is shown in dotted 


lines, the disc is given more or less angular advance, 


thereby advancing the moment of ignition as the speed of 
the engine increases. As the speed drops, the arms will 
resume their normal position under the influence of the 
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sone and the moment of ignition will be retarded. 
When the motor is being started from rest the ignition 
gear will be in its most retarded position, thus avoiding 
all risk of back-firing. The governor is adapted from the 
crank-shaft expansion governor fitted to steam engines. 
The important point is to adjust the spring tension correctly. 


To supply the current necessary for the production 
of the spark, primary or secondary batteries, magneto or 
dynamo electric machines, are used. Magneto machines 
are used without a coil if the low-tension system is 
mployed with a make-and-break inside the cylinder, but 
they may be used in conjunction with an induction coil 
and the usual sparking plug. Dynamos are not much 
used in this country, but in America there are several 
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makes of cars which have both dynamo and ‘storage 
batteries, which can be used alternately at the will of the 
driver, With this arrangement the secondary battery is 
always kept fully charged; an automatic cut-in and cut- 
out is fitted so that the dynamo is only in circuit when 
running at its proper speed, when the battery is cut out. 
This system would seem to promise well, but the dynamo 
requires designing so that its output is fairly constant at 
varying speeds, 

General Design.—The relative advantages of hori- 
zontal and vertical engines have been the subject of much 
discussion in the past, and the vertical engine has so far 
been more generally employed, in this country and in 
France and Germany. In America the preference seems 
to be for horizontal motors. Both designs have their good 
and bad points fairly evenly balanced, but the writer 
inclines to the horizontal engine. With a vertical engine — 
the vibration is more evident. The direction of movement 
of the disturbing forces in a horizontal motor is all in line 
with the axis of the car, in which direction they can best 
be resisted, whereas with a vertical motor the disturbing 
forces have only the springs to resist them. It has been 
advanced that the cylinder of a horizontal motor will wear 
oval in a much shorter time than when vertical, the 
contention being that this wear is caused by the weight of 
the piston. It is very much to be doubted whether the 
weight of the piston has any influence on the wear. The 
chief factor is the pressure due to the angular thrust of 
the connecting rod, and this will be practically the same 
in both vertical and horizontal cylinders. On the question 
of lubrication of the piston, it would seem reasonable: 
suppose that when this is effected by “splash” only, t 
vertical position will be best, but when the oil is intro- 
duced through the side of the cylinder, the horizontal 
position will secure better distribution. 
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To avoid forming shoulders in the cylinder bore by the 
wear of the piston, it is usual to allow the piston to move 
a short distance beyond the actual bored length by 
enlarging the diameter of the cylinder at the combustion 
chamber, and bell-mouthing the open end. The change in 
diameter at the combustion chamber should not be 
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abruptly made by stepping, but the surface should be 
tapered from one diameter to the other. If made by an 
abrupt step, and the piston should be pushed too far up 
the bore, one, or more, of the piston rings will spring out 
into the combustion chamber, and will prevent the piston 
being removed without breaking either it or the ring. If 
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the bore is tapered, however, the piston can be withdrawn 
without much difficulty, as the taper will act to close the 
ring back into its groove. 

With any piece of machinery it looks bad to see the 
nuts overhanging the facings upon which they bear, or to 
see toc great a surface of the facing showing round the 
nut. For some time the writer has used the dimensions 
in Table 5 where studs or bolts have been required 
in a design, and has found a considerable saving in 
time thereby. The dimensions given for the boss into 
which the stud is screwed apply more particularly to 
cases where it is not advisable for the end of the stud 
or screw to come right through, such as a cylinder water- 
jacket. 

In all cases where two parts of an engine are bolted 
together, and where the edges of the parts are not machined, 
“such as the cylinder and crank chamber, the upper piece 
should be slightly smaller than the lower, to give a little 
freedom in placing the parts while avoiding overhang. 
This applies specially to pipe flanges; there should always 
be from a sixteenth to an eighth of an inch of the facing 
showing all round the edge of the flange, unless the edges 
of both flange and facing are machined flush with each 
other. 

The two following tables of flange dimensions will be 
useful in designing motors, Fig. 23 being for ordinary 
wrought-iron gas-pipe sizes, the pipe being screwed into the 
flange; and Fig. 24 for brass or copper tube, brazed into 
the flange. The dimensions in Fig. 24 might also be 
adopted where weldless steel tube of thin gauge, say up to 
No. 16 B.W.G., isin question; for thicker gauge tubing use 
Fig. 23. Where it is necessary to employ coned unions, 
the dimensions in Fig. 25 and Table 8 can be followed. 
The ordinary coned unions used for connecting up gas- 
piping will generally require regrinding, with a very fine 
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grinding medium, to make them petrol-proof; as purchased, 
they nearly always leak. The small cocks required in 
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the petrol-pipe line will, unless specially made, also 
require regrinding; the best plan is to discard the use of 


COOLING. 69 


plug cocks altogether and use screw-down needle valves 
instead. As well as being proof against leakage, needle 
valves are less likely to become choked, being to a certain 
extent self-clearing. For making joints in the petrol pipes, 
red lead, rubber, and such-like are useless. Flexible 
vulcanized fibre can be relied on, and when something to 
take the place of red-lead cement is wanted, use soap. 
This, being insoluble in petrol, makes an excellent jointing 
material. 

When making standard drawings for motors, it will 
be found convenient to keep cast and wrought work on 
separate sheets as far as possible, grouping the component 
parts with a view to the various shops concerned in carry- 
ing out the designs. The writer has also found it advisable 
to have two sizes of drawings—for general arrangements, 
30 x 22 inches; and for details, 22 x 15 inches. The 
smaller sheets are more convenient for the workmen to 
handle, while the larger, not being in such constant use, do 
not get in the way. 

Cooling.—Owing to the great heat developed within 
the cylinder of an internal combustion engine (see p. 19), 
it is necessary to employ extraneous means for keeping 
the cylinder cool enough to permit of proper lubrication. 
The cooling system is not intended, as is sometimes 
thought, to abstract the heat from the gases within the 
cylinder, but is provided to cool the cylinder walls only. 
The gases themselves should retain as much as possible of 
the heat due to combustion, hence it is advisable to let the 
cylinder work at as high a temperature as is consistent 
with efficient lubrication. It should also be the aim of 
the designer to arrange the cooling system so that the 
temperature of the cylinder may be kept as uniform as 
possible. 

Air-cooling is limited to engines of small dimensions, 
though many attempts are being, and have been, made to 
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apply it to motors of forty horse-power, especially in 
America. Air-cooled engines are very liable to become 
overheated, when the piston is apt to bind in the cylinder. 
Also the incoming charge of air and gas is likely to be 
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considerably attenuated by the expansion due to the 
mixture being heated as it flows into the combustion 
chamber. By the judicious use of fans, giving a rapid 
circulation of air around the combustion chamber, the 
effectiveness of air-cooling may be somewhat increased, 
but the fact that a fan takes a certain amount of power to 
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drive it, especially at high speed, should not be lost sight 
of. Indeed, quite a large percentage of the extra efficiency 
due to the use of the fan may be discounted by the power 
required to drive it. 

A properly designed water-cooling system will allow 
the engine to be worked at its maximum output, both for 
speed and power, for long runs, which is not possible with 
air-cooling. The honeycomb radiator, which for some 
time was practically universally adopted, is rapidly going 
out of fashion. The chief recommendation for its use was 
that the evaporation of the water was reduced to a minimum, 
and it made it possible to run a car for a week without 
replenishing the water-supply. The fact that it is possible 
to keep the water too cool was apparently lost sight of. 
By maintaining the temperature of the water at a point 
below that at which vapour is formed, the cylinders are 
unduly cooled, and a large proportion of the heat generated 
by the combustion of the charge goes to reheat the cylinder 
walls. In addition to this loss, there is the power required 
to drive the fan, which is necessary to cause the air to pass 
through the radiator, and the increased resistance offered 
to the circulation of the water through the restricted 
passages within the radiator. The Gillet-Forest system is 
unique, as the jacket water is allowed to boil and the 
radiator is utilized to condense the steam formed. The 
cylinder jacket is kept filled by a float valve, which allows 
water to enter to make up for that turned into steam. 
The engine is, with this system, worked at as high 
a temperature as possible, and the efficiency is very 
high. 

Plain gilled copper tube of 32-inch or #-inch bore makes 
a simple and reliable radiator, but the gills should be of 
copper, and soldered to the tube. To secure a maximum 
cooling effect, the whole radiator should be finished dead 
black. The length of tube recommended is, for 3-inch 
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tube, 9 feet per indicated horse-power, and for 3-inch tube, 
6 feet per I. H. P. The diameter of the gills aneata not be 
less than twice that of the tube, and are best spaced about 
half the tube diameter apart. It is advisable to employ a 
pump to circulate the water through the cylinder jacket 
and radiator, as natural circulation cannot always be relied 
upon. The height of the column of water usually possible 
in an automobile is too little to cause a flow. The pump 
used should be of a type which will permit free flow 
of the water through it in the event of its ceasing to 
act. 

It is important to so design the circulating system 
that no air-locks are formed, as this would interfere with 
the flow; and in any case it will be advisable to provide 
an air-cock at the highest point of the system, which can 

be opened when the engine is started till water shows, and 
thus prove that the pump is working. A drain-cock at 
the lowest point of the water system is a necessity, to 
enable the water to be run out in frosty weather, or when 
repairs are required. Neglect to empty the cylinder 
jacket and pipes has often resulted in a cracked jacket 
when the water contained has frozen. By dissolving 
chloride of lime in the cooling water, the temperature at 
which it will freeze is much below 32° Fahr., but the lime 
is apt to be deposited in the pipes when the water is 
heated, and on the whole its use is not to be recommended ; 
the drain-cock is preferable. Heavy mineral oil has been 
tried as a substitute for water, but without much success, 
The difficulty appears to be in cooling the oil when it has 
been heated by the motor, as it does not part with its heat 
so readily as water, nor does it abstract the heat from the 
cylinder walls so quickly. The amount of water that 
should be carried on a car ought not to be less than half a 
gallon per indicated horse-power, and more if possible. 
By having a good body of water, the temperature is kept 
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more even. The temperature of the water as it leaves the 
cylinder jacket ought to be about 170° Fahy. If more, it 
indicates that too much heat is being abstracted from the 
engine, and the increased evaporation will cause the water 
to be used up too soon. : 

The great diversity of opinion among designers as to 
the dimensions of cylinders, valves, piston speed, etc., is 
forcibly illustrated by the annexed table of data, which 
formed part of a paper on valve gears read by Mr. Robert 
E. Phillips at the Automobile Club in 1904, and which is 
reproduced by its author’s permission. From inspection of — 
the table, it would appear that the rated powers of the © 
motors cannot in all cases be true, and the need for some 
uniformity in design is apparent. In some examples the | 
piston speeds are remarkably high, and the result would 
hardly tend towards economy in fuel consumption and” 
upkeep. ' 

In this table the diameters of the valves given are the 
diameters at the inner edge of the seating, and the mean 
and maximum velocities of both the charge and of the 
exhaust through the pipes are only given in those cases 
where the area of the pipe is less than that of the passage 
by the valve at its maximum lift, 

It will be seen that the mean charge velocity through 
the most restricted area ranges from 58 feet to 448 feet 
per second. The mean exhaust velocity through the most 
restricted area varies from 52 feet to 346 feet per second. 

Thirty-six of the engines are fitted with atmospheric 
induction valves, and fifty-seven with mechanically 
operated ones. 

It will be seen to what extent some engines are 
throttled by reason of the small pipes employed. One of 
the worst offenders in this respect has a mean velocity 
of the charge through the inlet port of 141 feet per second, 
and through the induction pipe 376 feet per second. 
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PART II. 


TRANSMISSION GEARING. 


As the petrol motor is not self-starting, it is necessary to 
provide means for disconnecting the motor from the 
transmission gearing when the car is stopped temporarily, 
to avoid the restarting of the motor which would other- 
wise be required. In the case of gear-driven vehicles this 
is usually accomplished by means of a friction clutch. 
Those cars which have epicyclic gearing can be put out of 
gear by slackening the brake band on the slow-speed gear, 
but a friction clutch will generally be found to form part 
of the high-speed mechanism. Hence the design of 
friction clutches is an important part of the motor- 
draughtsman’s work. Examination of a large number of 
cars has resulted in disclosing a great want of uniformity 
in the dimensions of their clutches, and this can only be 
explained by assuming that some are too small and some 
too large for the work imposed upon them. If too small, 
great pressure must be used to make the clutch transmit 
the power without slipping ; if too large, it only means that 
an unnecessary amount of material has been employed ; 
but if anything the clutch is all the better for it, as less 
pressure will be required and the wearing qualities will 
be improved. Therefore it will always be advisable to 
have the clutch plenty large enough for its work rather 
than the reverse. 

With but few exceptions automobiles are equipped 
with ordinary conical clutches, kept in engagement by a 
spring or springs, and arranged to be put out of gear 
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automatically when the brakes are applied. In a few 
instances clutches of the expanding-ring form are in use, 
and more recently coil clutches have been adopted. The 
expanding-ring type would seem to offer the most advan- 
tages, as there is a minimum of end thrust to be provided 
for, and they are capable of being easily adjusted for wear. 
Probably the cheapest and most simple device for enabling 
the engine to be disconnected from the car is a belt in 
combination with fast and loose pulleys. Apart from 
considerations of simplicity and economy, this arrange- 
ment has the advantage of giving easy starting, is cheap 
and easy to repair, and, by providing a flexible transmission 
between the motor and the gearing, all risk of the bearings 
being put out of alignment is avoided. The engine and 
gear shafts can also be placed parallel to each other and 
to the driving-wheel axle, by which means the utmost 
efficiency will be obtained. 

Belt driving alone, that is without any gearing except 
the driving chain or chains to the road wheels, has quite 
gone out of fashion. In view of the fact that there is a 
great demand for a reliable cheap ear, it is to be questioned 
whether belt driving will not be revived in the near future. 
Probably if as much thought and attention had been 
devoted to the design of belt transmission gear as has been 
given to perfecting gear driving, belts would be more in 
evidence at the present time. 

Truly variable speed gears have engaged the attention 
of many, but so far nothing really practical has resulted. 
The majority of designs included friction driving as part of 
the arrangement, and this alone is sufficient to render 
them impracticable. The only gear of the gradually variable 
type which has shown any promise of success is Hall’s 
patent hydraulic gear, but the expense of manufacture 
militated against its adoption, for some time. The design 
has recently assumed a commercial aspect. 


FRICTION CLUTCHES. 


In making calculations for friction clutches of any type, 
it will be necessary to resolve the actual horse-power 
into torsional resistance at the rim of the clutch. If P be 
the brake horse-power to be transmitted, R the revolutions 
per minute, and M the twisting moment in foot-pounds, 
then we shall have— 


P33000 
(35) M= R27 


which, after reducing, may be expressed with sufficient 
accuracy for all ordinary purposes by— 
5250P 

(36) M= oo ae 

Now, if we make F = the mean radius of the clutch in 
feet, and let S = the torsional resistance, we have— 

M 

(37) a= ¥ 

To facilitate calculations, it will be preferable to express 
the mean radius of the clutch in inches, doing which, and 
substituting the value of M from equation 36, gives us-— 


63000P 
(38) s=- 
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No matter what design of clutch is being considered, the 
expression 38 remains unaltered. 

The angle of the cone will depend solely upon the 
coefficient of friction of the materials selected and the con- 
dition of the friction surfaces. Usually,the cones are of 
cast iron and leather, and with these materials, when both 
surfaces are dry, the coefficient of friction may be as high 
as 0°3; but to allow for the grease which generally finds its 
way on to the cones of a motor-car clutch, it will be safer, 
when making calculations, not to take the value of the 


| 
| 


€ 


Fie ee 


Fig. 26. 


coefficient as higher than 0:2 to 0°25. Now, the coefficient 
of friction is the tangent of the angle of repose for the 
material of the clutch, and therefore for cast iron and 
leather the angle will be between 14° and 17°. In actual 
practice it is generally made 15°, and this angle will be 
convenient for the designer to work to, and for the 
machinist in manufacturing. If both surfaces of the clutch 
cones are of cast iron, the angle should be made 10°. 

The diagram, Fig. 26, will serve to render the principle 
of the cone clutch perfectly clear. In the diagram ac is 
the axis of the clutch shaft, and abe = 6 is the angle of 
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the cone. From any point, as ¢c, erect a perpendicular to 
cb. Then, if ac represents the axial pressure forcing the 
cones together, ab is the resulting pressure acting in a 
direction perpendicular to the surface of the cone. Calling 
the axial pressure 2, and the resulting pressure z, we have 
eo ae 1 

ac 2 sin ® 
evident that, to transmit the required power, zf must at 


If f is the coefficient of friction, it is 


least be equal to 8. As 2 is equal to —"_ we have— 
sin 0 


eee AD 
mae sin 0 
and substituting the value of S from equation 38, we 
: af _ 63000P 
arrive at 8° RD Hence— 
63000P sin 0 
Ao) oar | 1 a 
and— 
xfFR 
: P= §3000 sin 0 


As an example, suppose we wish to ascertain what 
horse-power a conical clutch, with surfaces of cast iron and 
leather, will transmit when running at 800 revolutions 
per minute. We will assume the angle of the cone to be 
15°, and the coefficient of friction to be 0°25. 

As @ is equal to 15°, sin @ is 0°2588. The mean radius 
of the cone (F) is 7 inches. We will suppose the axial 
pressure (x) forcing the cones together to be 150 1bs., and 
substituting known values in equation 40, we get— 

150 x 0:25 x 7 x 800 


F =— 63000 x 029008. = 19 nearly 


The width of the surface of the cones is arrived at from 
G 
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consideration of the amount of wear likely to occur, and 
the allowable pressure per square inch of surface should 
not be greater than 50 lbs., whence we have for the width 
of the cone surface W— 


v4 
(41) W = 


In the case of clutches of the expanding-ring type, all 
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Fig. 27. 


the calculations are essentially as above, but the arrange- 
ment of the levers requires consideration. Usually the 
ring is expanded by screws. In the majority of cases the 
screws are right- and left-handed, as shown diagrammatic- 
ally in Fig.27. The clutch seen in Fig. 28 (Benz-Parsifal 
clutch) is an example of the employment of single screws. 
The mechanical advantage or gain in power from the 
employment of the levers and screws can be found from— 
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(42) A= Om 
in which A = the gain in power, s = the pitch of the screw 
in inches, and / =the length of the lever in inches, 
This formula is applicable to clutches in which the screws 
are single as to the pitch, as Fig. 28. For those in which 


\N 
NN 


aN 


# 


the screws are of equal but opposite pitch (Fig. 27) the 
expression should be halved, and so becomes— 


(43) = 


From what has been said previously, it will be seen 
that z= a, and combining this with formula 39, we 
shall have— 

_ 63000P _ 3 


(44) z= 


FR * Ie 
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or—= 


(45) pa FR lx 


= 63000 8 


The last two formule are for clutches having right- and 
left-handed screws; for those in which only one screw or 


5 


Fiq. 29. 


two screws of the same pitch (Fig. 28) are in question 
these formule become— 


63000P ss 

46 = DeQOO rN ass 

-) vf ex Ree 
and— 

(47) pees wae 


63000 s 
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It will be found that clutches designed from the 
foregoing considerations will be somewhat larger for a 
given power than is usually the case in an automobile, 
but the writer is convinced that the results obtained by 
more liberal clutch dimensions fully justify the increase 
in size. Automobile clutches are subjected to a lot of 
wear from the frequency with which they are put in and 
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out of engagement, and this fact has received due 
consideration in the formule. 

In order that the clutch shall take up its load gently 
and start the car without shock, it is the practice to place 
springs under the leather of the one cone, in places, to 
make the engagement gradual, and thus, by allowing a 


86 PETROL MOTORS AND MOTOR CARS. 


certain amount of initial slip, render the starting easier. 
One arrangement of these springs is seen in the clutch 
shown in Fig. 29. Openings are made through the metallic 
portion of the cone through which bent sheet-steel pieces 
project. These tend to force the leather cover of the cone 
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outwards by the pressure exerted by the small helical 
springs shown on either side of the opening. 

The majority of clutches are designed so that the 
resultant of the axial pressure due to the spring is con- 
tained within the clutch itself, and has no effect upon the 
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bearings of either the crank shaft or clutch shaft when the 
clutch is in gear. This will be seen by reference to 
Fig. 29, Renault clutch; Fig. 30, Galdiator clutch; and 
Fig. 31, George-Richard clutch. In the Benz-Parsifal 
clutch (Fig. 28) the pressure of the spring reacts on the 
clutch shaft, but as the spring need not be anything like 
so strong as in the above three designs, this is not of much 
consequence. In the Crossley clutch (Fig. 32) the spring 
exercises no direct end thrust on the shafts, but there is a 
slight tendency for the actuating cone to be pressed back, 
which is resisted by the operating lever. With clutches 
of the designs shown in Figs. 29, 30, and 31, it is good 
practice to interpose a ball bearing to take the end thrust 
when the clutch is out of gear. Formule for and the 
method of setting out such a bearing will be found on 
pp. 120-123. 

Clutches of the expanding-ring type, with the friction 
surfaces all of metal, have been used to a small extent, 
In this design it is usual to make the two members of the 
clutch of cast iron and gun-metal respectively, and to 
lubricate them, 
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GEARING. 


THE speed of an internal combustion motor may be 
varied between certain limits, and thereby the rate of 
progress of the vehicle is also affected; but as the power 
of the motor is directly proportional to the speed, it follows 
that when the maximum power of the engine is required 
it must run at its highest velocity. Under these conditions 
the car would also travel fast, but should the load on the 
engine, due to the weight of the car or the condition and 
gradient of the road, be greater than the power of the 
engine can deal with, it becomes necessary to adopt some 
form of changeable gearing whereby the rate of the vehicle 
can be altered without reference to the speed of the motor. 
In other words, the ratio of the revolutions of the engine 
to the revolutions of the driving wheels must be capable 
of alteration at will. 

Many devices have been tried as change-speed gearing, 
but the surviving arrangement is that known as the 
“ Panhard” design, in which a series of spur-gear wheels 
are made to slide into gear with another series, one at a 
time. Although this is most unmechanical from a theo- 
retical point of view, its success in practice justifies its 
existence, and its simplicity explains its universal use. 
The Panhard gear has been called, and not inaptly, “clash 
gear.” When correctly designed and constructed, and of 
the right material, the gear gives excellent results, but the 
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writer is of opinion that it would be advantageous if the 
gearing were made somewhat stronger than it usually is. 
Gear wheels may be regarded as a development of 
friction gearing. In all gear wheels, whether spur, bevel, 
worm, or helical, there are imaginary circles, revolving in 
contact, known as the pitch circles, and which are 
analogous to friction wheels so far as speed ratios are 
concerned. The teeth and spaces are formed above and 
below these pitch circles. The distance along the pitch 
circle from the centre of one to the centre of the next tooth 
is called the circular pitch of the gear. This is also 
expressed as the distance occupied on the pitch circle by 


one tooth and one space. Gears with teeth of circular 
pitch, except in a very few cases, have inconvenient 
fractions in their pitch diameters, and this is apt to com- 
plicate the design, and add to the cost in manufacture. 
By the use of the “diametral” pitch system, the pitch 
diameters of the wheels can always be arranged of con- 
venient dimensions. Circular pitch is really a measure, 
whereas diametral pitch is a ratio, and may be expressed 
as N + P, where N is the number of teeth, and P the pitch 
diameter in inches. The nomenclature of the parts of 
teeth for any pitch is shown in Fig. 33, and the table, 
No, 9, gives the actual proportions for a number of 


2g Circular 
8 | pitch in 
Aa inches, 
P P 
2 1:5708 
23 1:2566 
53) 1:0472 
33 | 0:8976 
4 0:7854 
5 0°6283 
6 0°5236 
ie 0°4488 
8 0°3927 
9 0:3491 
10 0-3142 
12 0:2618 
14 0°2244 
16 01963 
18 0:1745 
20 0:1571 
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TABLE 9. 


TaBLe oF TootH Dimensions. 


(Diametral pitch.) 


Thickness 
of tooth on 
pitch-line 
in inches. 
t 


0°7854 
0°6283 
05236 
04488 
0°3927 
0°3142 
02618 
0°2244 
01963 
071745 
0°1571 
01309 
0°1122 
0:0982 
0:0873 
0:0785 


Addendum 
al in 
and —_ 
abies 3 
inches. 
M 


0°5000 
0°4000 
0°3333 
0:2857 
0:2500 
0:2000 
01666 
01429 
01250 
O1111 
0°1000 
0:0833 
0:0714 
00625 
0:0555 
00500 


Working 
depth of 
tooth in 
inches. 

Dp” 


1:0000 
0°8000 
0°6666 
05714 
0:5000 
04000 
0°3333 
0:2857 
02500 
0°2222 
0:2000 
01666 
01429 
0°1250 
O-1111 
01000 


Depth of 
space below 
pitch-line 
in inches, 
M+f 


0°5785 
0:4628 
0°3587 
0°3306 
0°2893 
0:2314 
0°1928 
01653 
071446 
01286 
0°1157 
0:0964 
0:0826 
0:0723 
0:0643 
0:0579 


gi 


Whole depth 
of tooth in 
inches, 


D! +f 


1:0785 
08628 
0:7190 
0°6163 
0°5393 
04314 
0°3595 
0:3081 
0:2696 
02397 
0:2157 
01798 
0°1541 
0°1348 
0:1198 
01079 


different pitches. 


The comparative sizes of teeth of the 


most usual diametral pitches may be seen at a glance from 
Fig. 34. The following formule will be found useful in 
connection with calculations of gear-wheel dimensions and 
velocity ratios. 

Formule for gears of diametral pitch— 


Let P = 
D' = 
D= 


N = number of teeth in the gear. 


Ve 
Ce 
d= 


diametral pitch. 
pitch diameter. 
whole diameter of the wheel blank. 


velocity in revolutions per minute. 
pitch diameter. 
whole diameter of the pinion blank. 
n = number of teeth in the pinion. 
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Let v = velocity in revolutions per minute. 

a = centre distance. 
6 = number of teeth in both wheels. 
¢ = width of tooth, or space, or pitch-line. 

D" = working depth of tooth. 

jf = amount added to working depth for clearance. 

D" + f = whole depth of tooth 

P’ = circular pitch. 

w = a constant = 03146 


Then, for a single wheel— 


N+2 N 
Spt Du a 
ste LP Sea er 
WE Nara or, D=5 
N = PD’ or, N= PD — 2 
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Di ana or, D=D+5 
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In France “module” pitch is almost universally used, 
and is gradually coming into use in this country. This is 
a modification of diametral pitch, and has the advantage 
of only requiring measurements in millimetres and such 
fractions thereof as 0°25, 0°5,and 0°75. Diametral pitches 
eall for unusual divisions of the inch, such as sevenths, 
ninths, elevenths, etc., which are apt to be confusing to 
both the designer and the workman. The module corre- 
sponds to the height of the tooth above the pitch-line, and 
is the pitch diameter in millimetres divided by the number 
of teeth. Conversely the pitch diameter is equal to the 
module multiplied by the number of teeth. The following 
formulz will enable the designer to calculate all necessary 
dimensions of gears of module pitch, and the table, No. 10, 
will facilitate the work. Fig. 35 shows at a glance the 
comparative sizes of module-pitch teeth from Mod. 1 to 
Mod. 12. 

Formule for gears of module pitch— 

Let M = module in millimetres. 

D' = pitch diameter in millimetres. 
D = whole diameter in millimetres, 
N = number of teeth. 
D” = working depth of teeth. 
t = thickness of teeth on pitch-line. 
f = amount added to working depth for clearance. 
C = circular pitch in millimetres. 


Then— 
D' D 
mea er Sr 
D'=NM D =(N+2)M 
iy D 
oN or, N=}, - 2 
Di=2M t= Mis7os f= MESS 


C=M x 31416 M = C+ 31416 
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TABLE 10. 
Mopvu.e Pircu. 


(Tooth dimensions in millimetres.) 


- Correspondin 
Module Circular pitch, Addendum, beg Sas of English diametral 
q millimetres. millimetres. millimetres — 
1 3:14 1:0 2:16 25°400 
1} 3:93 1:25 27 20°320 
13 4°71 15 3:23 16:933 
12 5°5 LS 377 14514 
2 6:28 2:0 4:31 12-700 
QR 7:07 2-25 4°85 11-288 
24 7°86 2°5 54 10°160 
23 8°63 275 5:93 9236 
3 9:42 3:0 6:47 8466 
3f 10:2 3°25 70 781 
34 11:0 35 755 7257 
37 dll vagare 3°75 8-090 6:773 
4 12:57 40 8:63 6350 
4} 13°35 4:25 O37, 5708 
44 14:14 45 on 5644 
3 14-92 4°75 10:24 5347 
5 15°71 5:0 10°78 5080 
5f 16:49 5:25 11°33 4838 
5s 17:28 55 11°86 4618 
6 18:86 6:0 12°94 4:233 
64 20°41 65 14:02 3:907 
vs 22:0 70 15:1 3:628 
8 25°14 8:0 17:26 3:175 
9 28:27 9:0 19°41 2°822 
10 31:41 10:0 21:57 2°540 
11 34:56 11:0 23°72 2309 
12 377 12:0 15°88 2117 


To design a change-speed gear for a car the data 
required are (#) normal speed of the motor, (2) number 
of speeds required, (c) value of these speeds in miles per 
hour, and (@) diameter of the driving wheels. By the 
aid of table No. 11, p. 95, the revolutions per minute of 
the driving wheels for any given number of miles per hour 
can be readily obtained by multiplying the number in the 
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fourth column, opposite the given diameter of wheel, by 
the number of miles per hour desired. Thus a wheel of 
32 inches diameter, running at a speed of 12 miles per 
hour, will revolve at 10°5 x 12 = 126 revolutions per 


TABLE 11. 


DRIVING-WHEEL DIAMETERS AND SPEEDS. 


Revolutions per 
Revolutions per mile, | minute = 1 mile per 
our, 


Circumference in 


Diameter in inches, mohes: 


24 75°39 863'2 14:38 
25 78:54 806:7 13:45 
26 81:68 T7157 12°92 
27 84:82 747:0 12°45 
28 87:96 720°3 12:00 
29 91°10 695°5 11:58 
30 94:24 672'3 11:20 
31 7°39 650°5 10°92 
32 100°53 630-2 105 
33 103-67 6111 10:18 
34 106°81 588°5 9°8 
35 109:95 5762 96 
36 113-09 560°2 9°33 
37 116:23 545°5 9-09 
38 119:38 530°7 8°84 
39 122°52 5171 8°61 
40 125°66 504:2 8-4 
41 128'8 492°0 82 
42 131:94 480-0 8:0 
43 135°08 475°5 7-92 
44 138-23 451-1 751 
45 141:37 4481 7-46 
46 14451 438°4 73 
47 147°65 422°3 7:03 
48 150-79 420-0 


minute. It will be necessary to assume the ratio of the 
bevel or sprocket wheels by which the power is transmitted 
from the change-speed gear to the road wheels, and this 
should be such that when the car is running on the highest 
gear the drive will be direct from engine to road wheels 
with only the speed reduction due to the bevel or chain 
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gear. Taking the above example, and assuming the 
wheels to be driven by chain gear with sprockets having a 
ratio of 4 to 1, we obtain a speed of 126 x 4 = 504 (say 
500) revolutions per minute for the driving sprockets. 
Usually the centre distance of the driving and driven 
shafts in the gear box is limited, and the problem is to 
find the pitch diameters for a pair of gear wheels to run at 
a given speed ratio, with the centre distance fixed. The 
rule is, “divide the centre distance by the sum of the 
terms of the ratio, find the product of twice the quotient 
by each of the terms separately, and the two products thus 
obtained will be the pitch diameters of the two gears.” 

Again taking the above example, and assuming the 
normal speed of the motor to be 1000 revolutions per 
minute, and the centre distance of the shafts to be fixed at 
6 inches, we require to know the pitch diameters of a pair 
of gears to revolve at 1000 and 500 revolutions per minute 
respectively. Adding the terms of the ratio, 10 + 5 = 15, 
and dividing the centre distance, 6 inches, by the sum, we 
obtain 0°4, and 0'4 x 2 = 0°8, which, multiplied by each 
of the terms of the ratio, gives 8 inches and 4 inches as 
the required diameters. 

The pitch of the teeth and the width of the gear are 
determined by (a) the power to be transmitted, (6) the 
velocity of the pitch-line in feet per minute, and (c) the 
material used for the gear. Rules and formule for 
the strength of gear wheels are numerous, and the results 
obtained by them vary very considerably; so much so 
that when a gear wheel fails from any cause, it is not 
difficult to find a rule to justify one for having used the 
wheel. The formule used and recommended by the writer 
take into account the safe fibre stress, with the tooth 
considered as a beam loaded at one end and supported at 
the other. The working load for teeth of 1 inch width 
and a fibre stress of 1000 lbs. per square inch have been 
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calculated for diametral pitches from 3 to 12, and will be 
found in the table below. To obtain the safe working 
load on a gear wheel the formula is— 


(48) La=txfxsxm 


where L = the safe load in pounds, ¢ = the tabular number 


TABLE 12. 


VaAuvEs oF L For Trxru or 1-rncH Facer, AND 1000 Las. PER SQUARE 
Inco Frere Stress. 


No. of Diametral pitch. 


corresponding to the pitch and number of teeth in the 


gear, f = the width of face in inches, s= the speed 
H 
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coefficient from the diagram Fig. 35a, and m = the safe 
fibre stress obtained from the table below. 


TABLE 13. 
FisrE SrReEsses. 
Materials. Ultimate. Safe. 
GAsteinON merci crea ae te 22,000 8,000 
Game-metal ceases bs so ase ee 34,000 11,000 
Phosphorsbronze\, 2) srw oe 50,000 16,000 
Castisteelendes e.. lean het ayes 60,000 20,000 
Horeedisteel=.)- 0 i) 65,000 25,000 


For example, suppose we have a mild-steel gear of 30 
teeth, 6 diametral pitch, 2 inches wide on the face, and 
running at a pitch-line velocity of 600 feet per minute. 
‘Substituting in 48, we have— 


L=53 x 2 x 0-4 x 25 = 1060 lbs. 


The value of m, although given as 25,000 in the table, 
for mild steel, is only taken as 25 in making calculations, 
as the tabular number is already calculated for 1000 lbs., 
and therefore only requires to be multiplied by 25 to equal 
the safe fibre stress. 

To ascertain the horse-power the gear will transmit 
the formula is— 


(49) BP 


where L = the safe load as found by 48, and r = the pitch- 
line velocity in feet per minute. Taking the wheel in the 
above example, and substituting known values in 49, we 
have— 

_ 1060 x 600 


H.P, = — 33000 = 19 about 
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The above rules will apply equally well for bevel gears, 
provided that the mean pitch, mean-pitch diameter, and 
the velocity of the mean-pitch line are taken. For gears 
of module or circular pitch the equivalent diametral pitch 
should first be obtained from table No. 10, p. 94. 

Pitch-line velocities of more than 2000 feet per minute 
should be avoided as tending to cause considerable noise, 
however well the teeth may be cut. At this speed the 


Coefficient Multipliers. 
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Pitch Line Speeds in Feet per Minute. 
Fig. 35a. 


gears require very accurate work, and also care in assem- 
bling to make them run with anything like silence. Asa 
general rule, the higher the speed the finer the pitch 
should be, and fine pitches always run smoother than 
coarse. 

Gears made from special materials such as rawhide, 
vulcanized fibre, and Unica fibre, should have a liberal 
factor of safety, and the writer can recommend either of - 
the two following formule :— 
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DR AKS RS 
(50) Hivos > SOG Sree 


where p = circular pitch in inches, d = pitch diameter in 
inches, f = width of face in inches, and r = revolutions 
per minute. 


(51) InP ae hp ed x rey, 


where « = 0°0131, p = circular pitch in inches, d = pitch 
diameter in feet, and the other factors are as above. No 
reliable figures are available for the strength of rawhide 
and fibre as applied to gear-wheel construction, but it may 
be safely taken as fully equal to that of cast iron, and 
with a higher elastic limit. In weight, rawhide, vulcanized 
and Unica fibre, may all be reckoned about the same, 7.¢, 
20 cubic inches per pound, or 0°051b. per cubic inch. 
Rawhide gears should always have a metal plate on each 
side to prevent the layers of hide from spreading, such 
plates being secured by riveting right through the hide 
and both plates. Unica and vulcanized fibre wheels do 
not require plates, but their strength is increased by 
putting a few rivets transversely through them. On no 
account should oil or grease be allowed to get upon raw- 
hide wheels, as they will be softened, and probably spoilt, 
by it, but fibre wheels are not affected. The only 
lubricants for rawhide, if required, are French chalk or 
graphite. Printing ink is useful as a lubricant when hide 
pinions are required to run in a damp atmosphere. The 
width of face of a rawhide gear between the side plates 
should always be slightly greater than that of the wheel 
with which it meshes, so that the metal side plates do not 
come in contact with the wheel. Rawhide and fibre gears 
are specially useful where very high speeds have to be 
dealt with, owing to the freedom from noise and vibration 
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secured by their use; hence they are more frequently used 
for electric than petrol automobiles. 

Bevel gears are a common feature of the transmission 
gearing of present-day cars; nevertheless, their use is not 
recommended, ‘The writer is of opinion that bevel-gear 
driven live axles will before long be discarded, for all but 
small cars, in favour of sprocket wheels and chains. In 
some designs the use of bevel gearing is unavoidable, in 
which case the end thrust must be provided for. A ball 
or roller thrust bearing is usually employed. The pro- 


Fic. 36. 


portions given for bevel wheels in Fig. 36 are based on 
average practice. There will be no gain in making the 
width of the face greater than as given; the pitch of the 
teeth at the smaller diameter would become too fine to be 
of much service. 

Worm gearing finds only limited application in an 
automobile, its chief use being for irreversible steering 
gears. In one or two designs worm gears are employed 
in place of chain or bevel gearing to drive the back axle. 
When used for this purpose the angle of the worm thread 
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should be 45°, in order that the gear may act equally well 
in either direction, 7.e. either the worm or the wheel may 
be the driver. It is not recommended by the writer that 
worm gearing should be used for driving the axle. It is 


Worm. Hob. 


ti 
OF 
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well known that the frictional losses with this gear are 
very high, but this will be no detriment to its use for 
steering purposes. 

Fig. 37 will give the designer all necessary proportions 
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for worm gears, and the following formule will enable 
him to calculate dimensions :— 


Formule for worm gearing— 
Let L = lead of worm. 
N = number of teeth in wheel. 
m = threads, or turns, per inch in worm. 
d = diameter of worm. 
ad’ = diameter of worm hob. 
T = throat diameter of wheel. 
B = diameter of wheel blank to sharp corners. 
o = width of slots in hob. 
i = width of hob teeth at bottom. 
b = pitch circumference of worm. 
v = width of worm-thread tool at end. 
w = width of worm thread at top. 
P = diametral pitch. 
P’ = circular pitch. 
s = addendum, or module. 
¢ = thickness of tooth on pitch-line. 
¢” = normal thickness of tooth on pitch-line. 
f = clearance. 
D" = working depth of tooth. 
D” + f = whole depth of tooth. 
6 = angle of teeth of wheel with axis. 


Then— 
For a single-thread worm, L = P’; for a double-thread, 


L = 2P’; for a triple-thread, L = 3P'; and so on. 


1 piers nse aia 
em So 5 Ds or, D=5 

N ree 
T= > + 2s b=7(d — 2s) t =t¢ cos 0 r= 5 — 2s 
pee B= T + 2x! 1° cos $) 
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Bee: by 1=D' 4 of4h" 


C= e + 2f eo=031P w=0335P 
The angle 6 is usually made 60° to 90°. 
The thread shown in Fig. 37 is the Acme 29° thread, 


and the dimensions of the thread for several sizes are 
given in the table below— 


TABLE 14. 
TABLE OF THREAD PaRTs., 
ook Depth of Width at top a pe Space at top | Thickness at 
per inch. thread, of thread. hice of thread. | root of thread. 
Linear. 

1 0°5100 0:3707 0°3655 0°6293 0°6345 

i 0°3850 0:2780 0:2728 0°4720 0°4772 

2 0:2600 0°1853 01801 0°3147 0°3199 

3 0°1767 0°1235 0°1183 0°2098 0°2150 

4 0:1350 0:0927 0:0875 0°1573 0°1625 

5 0:1100 00741 0:0689 0°1259 01311 

6 0:0933 0:0618 0:0566 071049 01101 

7 0:0814 0:0529 0:0478 0:0899 0:0951 

8 0:0725 0:0463 0:0411 0:0787 0:0839 

9 0:0655 00413 0:0361 0:0699 00751 

10 0:0600 0:0371 0:0319 0:0629 0-0681 


Driving chains are generally of the roller variety, 
block chains not being much employed, though a few years 
ago they were much in evidence. Roller chains absorb 
less energy than block, and it is possible, with a roller- 
chain drive, under favourable conditions, for the efficiency 
of the drive to be as high as 98 per cent. 

The sprocket wheels for chains of the block type may 
be designed from the following formula. Let N = the 
number of teeth, » = the pitch, d = the diameter of the 
round part of the chain block (usually 0°325»), D = 
the distance from centre to centre of the rivet holes in the 


lh at nee 
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block (usually 0°4p), and C = the distance from centre 
to centre of the rivet holes in the side plate (generally 
0°6p); then— 


: . C 
(52) Pitch diameter = awe 
L== ¢ —+ ra : 


Fig. 38. 


Fig. 38 illustrates a sprocket wheel for block chain, 
and the factors above appear thereon. The angle @ is 


° 


equal to ee the value of which for any number of teeth 


up to 100 may be readily ascertained from table No. 46, 
sin 6 


p. 170. Also tan B tea 


GF 00s 8 


The diameter over the points of the teeth may be 
taken as the pitch diameter plus d, and the diameter at 
the root of the teeth, which is of great importance; may be 
the pitch diameter minus d. 

For roller-chain sprockets the diameter of the pitch 
circle may be calculated from— 
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(63) D = aR 
sin ( N ) 
where D = the pitch diameter, or the diameter of the 
circle passing through the centres of the rollers; p = the 
pitch in inches; N = the number of teeth; and d= 
the diameter of the roller (usually 0°5p). The diameter 
over the points of the teeth will be D +d, and at the 
root of the teeth D —d. The table No. 46, p. 170, will 
be useful in calculating the dimensions of roller-chain 
fe} te} ° 
wheels, Values of Be a8 and sin =e will be 
found tabulated for numbers from 1 to 100. 

The design of the actual tooth outlines is a matter 
which does not concern an automobile designer; the cutters 
employed on the gear-cutting machines take care of 
this. It may be mentioned that the involute tooth curve 
is better suited to motor-car speed gears than the cycloidal 
curve, as it allows the shaft centres to be slightly varied 
without materially affecting the working of the gears. 
Teeth cut to cycloidal curves render it imperative that the 
shaft centres of the gears shall be exactly the correct 
distance apart, the slightest variation causing the gears to 
be noisy and to wear badly. If the gear-wheel shafts can 
be placed the correct distance apart to commence with, 
and be always maintained so, it will be found that the 
cycloidal tooth will give quieter running, but in practice 
it is generally found that the shaft centre distance will be 
altered by reason of the wear of the bearings, and in the 
case of gear boxes of aluminium the alloy has been known 
to stretch under the pressure exerted by the gears, and 
thus increase the distance between the shaft centres. 

With a change-speed gear of the Panhard type it is 
usual to provide a square shaft for the sliding train of 
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gears. The writer advocates a round shaft with a couple 
of sunk feathers in place of this, as, apart from the cost of 
manufacture of a square shaft, and of accurately fitting the 
gear sleeve to the shaft, it will be found very difficult to 
ensure that the gear wheels shall run absolutely true, 
Even when quite true to commence with, very little wear 
will throw the gears out of truth and give rise to noise. 
With a round shaft and a round hole through the gear 
sleeve, the work can be ground after hardening and a 
perfect fit guaranteed. 

Gear wheels with less than twelve teeth should never 
be used, and it will be preferable to make fifteen teeth the 
minimum. 

A form of speed-reducing gear which is coming into 
favour is that known as the “crypto” or epicyclic gearing. 
Though not by any means new, the application of this 
gear to automobiles has only recently received much 
attention, and this is chiefly because of its success in small 
cars of American manufacture. When properly designed 
for the work it has to do, this gear is very satisfactory, 
owing to the smoothness of running and the ease with 
which the load is taken up. Some years ago the writer 
applied this gear to a motor bicycle, reducing the speed in 
the ratio of 4 to 1, and driving from the gear to the road 
wheel by means of a chain. The principal advantages 
derived from the use of the gear in this connection were 
that it allowed a certain amount of slip, sufficient to avoid 
breakage of the driving chain, and it permitted the engine 
to be disconnected from the road wheel at will, thus 
facilitating riding in traffic. Also the motor could be 
started before mounting the machine with a starting 
handle in the usual manner, and the gear only allowed to 
act when the bicycle was under way, the gear coming into 
action very gradually. The usual form of this gear is 
seen in Fig. 39, The pinion A is the driver, being secured 
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to the engine shaft usually, or connected thereto by a 
chain drive. The four planetary pinions C revolve freely 
on their spindles, which are fixed into the plate D. To 
the plate D is secured the sprocket wheel which drives 
the back wheels of the car. When the pinion A is 
revolved, and the internally toothed ring B is held from 
revolving, the planetary pinions C are caused to run 
around the ring B and carry the plate D with them. The 
ratio of speed reduction with this gear is directly as the - 
ratio of the number of teeth in the driving pinion A to the 
number of teeth in the ring B plus one. Thus in Fig. 39 
the pinion A has 18 teeth, and the ring B has 54 teeth, 
hence the plate D will revolve at one-fourth the speed of 
A, i.e. the ratio of 18 to 54+1. It is to be noted that 
the spindles of the planetary pinions can only be equally 
spaced when the number of the pinions can be divided 
into the number of teeth in both the pinion A and the 
ring B without a remainder. Thus in the gear seen in 
Fig. 39 it would be impossible to have four planetary 
pinions equally spaced around A, because the number of 
teeth in A and B cannot be divided by 4 without a 
remainder. 

The pitch of the teeth in an epicyclic gear can be 
made much finer than would be safe with an ordinary 
reduction gear, as there are more teeth in action to take 
the load. It would be safe to reckon that in the gear, Fig. 
39, there will never be less than three teeth in action at 
once, where in an ordinary pair of wheels the probability 
is that only one tooth would at times take the whole load. 
It is probably due to this that the epicyclic gear runs with 
such smoothness. 

When applied to an automobile, it is usual to make 
the reversing gear of similar design to the slow-speed 
forward gear, but with this difference, that the internally 
toothed ring B becomes the driven member of the gear, 
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the plate D being held stationary. In this case the ring 


| 


NS 


Fie. 39. 


B will revolve in the opposite direction to the pinion A, 
and the ratio of reduction will be directly as the numbers 
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of the teeth in A and B, the planetary pinions merely 
acting as intermediate gears without any influence on the 
speed ratio. When the highest speed is required it is 
usual to employ a clutch and cause the whole of the gear 
to revolve at the same speed as the engine shaft. That is 
to say, the gear is idle, no teeth being exchanged, and the 
only reduction in speed between the motor and the road 
wheels is that due to the ratio of the number of teeth in 
the sprocket wheels used. 

Epicyclic gearing has been employed in place of a 
main clutch in some cars, the driving pinion A being 
secured to the motor shaft and the plate D to the speed- 
gear shaft. By checking the ring B slowly the load is 
taken by the engine very gradually, and the car can be 
started without any shock. A further advantage is that 
there is no end thrust on either the motor or the gear 
shafts as with a conical clutch. The gear should be so 
designed as to be capable of being filled with lubricant, 
when the wear will be but slight. By employing gear 
wheels with the teeth cut at a slight angle, ¢.e. helical 
gears, epicyclic gearing can be made practically noiseless 
in action. 

The annexed diagrams of speed gears show the prin- 
cipal dimensions of the gears used in some well-known and 
successful cars. The face width of the gears is to some 
extent reduced by the teeth being bevelled off at one or 
both ends, to facilitate the meshing of the gears. In 
most cases this loss of effective width amounts to a full 
1 inch for each end bevelled, and should be allowed for 
when calculating the strength of the gear. 


BRAKES. 


PROBABLY no part of an automobile requires more 
careful design than the brakes, in view of the probability 
that efficient stopping power may on occasion prevent loss 
of life. A high factor of safety is desirable, and in 
calculating strengths the weakest places should receive 
chief consideration. 

The duty of the brakes is to dissipate the energy stored 
in the moving vehicle, and in the shortest possible time. 
Hence, before we can calculate the strength required for 
any part of the brake gear, the energy contained in the 
moving mass must be ascertained. 

Denoting the energy in foot-pounds by E, the weight 
of the vehicle in pounds by W, and the velocity in feet 
per second by s, we have— 


(54) ga 


g representing the acceleration due to gravity = 32°2 feet 
per second. It will be more convenient to modify the 
expression to agree with miles per hour, as the speed of 
motor vehicles is generally expressed in these terms. 
Therefore, as 1 mile is = 5280 feet, and 1 hour is = 3600 


sey ones 
seconds, 1 mile per hour is = 3600 = 1466 feet per 
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second. Hence for 1 mile per hour we have, substituting 
in 54— 

W x 1:466? ; 
E= Ta REae ee W x 0:0334 
and putting S= miles per hour, the expression 54 
becomes— 


(55) E = WS? x 0:0334 


As an example, we will assume a vehicle weighing, 
including its load, 16 cwt., running at a speed of 15 miles 
per hour. Ignoring road resistance, and substituting 
known values in 55, we obtain— 


E = 1792 x 225 x 0:0334 = 13466 foot-pounds 


A factor of importance to be considered when calculating 
the stopping power of the brakes is the coefficient of 
friction between the tyre of the wheel and the road surface. 
For want of precise information on this head we may 
assume this coefficient to be 0°4 for iron tyres and 0°7 for 
rubber tyres. These values will vary according to the 
condition and material of the road surface. For wood and 
asphalte roads, when the surface is greasy, the coefficients 
should be taken as not more than one-half the above 
values. On the majority of automobiles the brakes only 
act upon two of the wheels, usually the driving wheels. 
Therefore we shall require to know the proportion of the 
total weight of the vehicle carried by the wheels to which 
the brakes are applied. For the example selected above 
we will assume this to be one-half of the total weight = 
896 lbs. Then for the minimum distance in which the car 
can be stopped we have the expression— 

_ WS? x 0:0334 iE 


(56) ie kxw kxw 
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in which L = the minimum distance in which the car can 
be stopped, & = the coefficient of friction between the tyre 
and the road, and w = the weight in pounds carried by the 
wheels to which the brakes are applied; the other factors 
being as before. Substituting known values in 56, we 
have— 


L= a ie = 37:5 feet for iron tyres 
13466 ; 
L= OF x 896 = 21°4 feet for rubber tyres 


By dividing the energy E stored in the moving car by 
the distance L, we obtain the mean resistance required on 
the periphery of the tyres. Thus— 


_ WS? x 0:0334 _ E 


(57) E Sep ST kw 
In our example P = a = say 360l1bs. for iron 
tyres, or P = — = say 630 lbs. for rubber tyres ; one- 


half of these amounts being required on each of the two 
wheels. From this it will be seen that the coefficient of 
friction for rubber tyres, being greater than for iron, allows 
of a stronger breaking effort being applied without skidding 
the wheels, and hence the car is stopped in a much shorter 
distance. 

When band brakes are used, their diameter is of 
necessity less than that of the road wheels, and the pull 
on the brake rods will be increased in inverse proportion 
to the diameter of the road wheel and brakedrum. Thus— 
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in which D = the diameter of the road wheel, d = the 
diameter of the brake drum, p = the pull on the brake 
rod; and the other factors as before. Assuming the road 
wheels of the car in the example to be 30 inches diameter, 
and the brake drums 10 inches diameter, and rubber tyres 


on the wheels, we have, from 58, » = 630 x 2 = 1890 lbs. 


for the pair of brake bands, or 945 lbs. mean pull on each. 
In the case of sudden applications of the brakes, such as 
cause the wheels to skid, this pull of 945 lbs. will be much 
exceeded. 

For shoe brakes, acting directly on the tyres, the 
pressure can be found by dividing the mean resistance P 


by the coefficient of friction, or = which in our example 
ad ee 
gives O.7 = 450 lbs. on each tyre. 


In all the above calculations we have assumed the car 
to be travelling on a level road. Gradients will tend to 
lengthen or shorten the distance in which the car can be 
stopped, according to whether it is an up or down grade. 
Down grades will reduce the resistance P, and may be 
expressed as a fraction = f. The distance L in which the 
car can be stopped going downhill may then be calculated 
from— 

WS? x 0:0334 

(9) = (ew) = (Wf) 

Substituting known values from our example, and 
assuming a gradient of 1 in 20, we have— 


rs 13466 
~ (07 x 896) — (1792 = 20) 
13466 
> 6272 = 296 


= say, 25 feet 
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The influence of a rising gradient being all in favour 
of the brakes need not be taken into account in calculating 
the strength of the rods, etc., if these are made strong 
enough to take the strains when stopping the car on the 
level or going downhill. Fig. 40 shows gradients of 
various degrees expressed as percentages. 


Fia. 40. 


A properly designed band brake should be equally 
effective whether the car is running forward or backward, 
and the rods, etc., on both ends of the brake band should 
therefore be strong enough to stand the pull p. 

To provide for cases where the brakes have abnormal 
strains to bear, such as when the road wheels are skidded, 
the pull p found by formula 58 should be doubled. In 
our example this will give a pull of 18901bs. on each 
brake band. Using good quality mild steel, with a 
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tenacity of 80,000 lbs. per square inch, and allowing a 
factor of safety of 5, the sectional area of the brake band 
or the actuating rod at the weakest place should not be 
less than— 


1890 x 5 


as 0:118 square inch 


or, say, a diameter of 7’, inch at the bottom of the threads 
on the pull rods. When the brake bands are of the type 
known as single-acting, as in Fig. 41, the pull on that end 
of the brake band which is acted upon by the operator 
(marked p in Fig. 41) will be less than the pull p as found 
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above, owing to the winding action of the drum tending to 
tighten the band. As the amount of surface encircled by 
the brake band increases, the pull p, will be lessened. 
If we take ¢ = the coefficient of friction between the brake 
drum and the band, and 9 = the number of degrees in the 
angle encircled by the brake band, we have— 


(60) Log 2 = 0-434 
Pi 
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Tabulating values for various angles, from this we 
obtain— 


TABLE 15, 

Degrees. Part of ci - Pp = 
- mference. Pi igs 
180 05 atta} 0:28 
240 0°666 5°34 0-19 
270 0°75 66 015 
800 0°833 81 0:12 
315 0°875 9:0 O11 
860 10 12°85 0:08 


A truly double-acting band brake will retard the 
vehicle equally well running either forward or backward, 


: 


NK 
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and Fig. 42 is an example of such a brake. Modern 
practice inclines to the use of “ calliper” brakes, in which 
all the frictional surfaces are of metal. Brake bands with 
leather or similar substances as linings are unreliable. 
By continuous use, as when descending long inclines, the 
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lining is apt to char, owing to the heat generated by the 
friction. Metallic brakes cannot burn, but nevertheless 
on heavy cars the brake drum should be cooled by water 
circulation. The writer favours the design of calliper 
brake seen in Fig. 43. In this the pull on the two brake 
shoes is equalized by the system of levers adopted. The 
shoes are pivoted at A to a lug provided on the axle. 


The springs B, B’ keep the shoes out of contact with the 
drum when the brake is not in action, the arm C serving 
as an abutment for the springs, and to keep the shoes 
concentric with the drum. 

It is important that the two road wheels should be 
equally retarded when the brakes are applied, especially 
when the road surface is at all slippery. Unequal braking 
effort is a potent cause of “side slip,” and, even when there 
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is no danger of slipping, causes unnecessary wear of the 
tyres and unequal strains in the vehicle. There seems 
to be no other reason than slightly increased cost against 
the use of spur, or bevel, differential gearing for equalizing 
the pull on the two brake rods. The writer does not 
consider it good practice to transmit the actual braking 
effort through the medium of the balance gear, for should 
the frictional resistance between the tyre and the road be 
less for one wheel than the other, side slip is invited. 
The brakes must retard each wheel equally and inde- 
pendently of the balance gear. The use of balance gearing 
to equalize the pull on the brake rods is not affected by 
this consideration. 


BALL BEARINGS. 


BALL bearings find many applications in an automobile 
as thrust bearings and shaft bearings. When well pro- 
portioned for their load and the speed of the shaft, they 
give great freedom from friction with a minimum of 
lubrication and adjustment. Ball bearings are more 
suited to slow than high speeds, especially when heavy 
pressures are in question, and are more useful as thrust 
bearings than in any other capacity, such as behind bevel- 
gear wheels or worm gears, where the load is steady. 
Where shocks are to be encountered, ball bearings have 
no place, owing to the liability of the balls to split. 

Thrust bearings are usually of the four-point type, an 
illustration of which is seen in Fig. 44. To design a 
bearing of this kind, the number and diameter of the balls 
must first be decided upon from consideration of the load 
and speed, The radius of the pitch-circle of the balls can 
then be determined from— 


i 
sin 30 


(61) 


where R = the radius of the pitch-circle, r = the radius 
of one ball, and 8 = the angle subtended by the ball, as in 


Fig. 44. 
The angle @ can be obtained from— 
(62) gee 


N 
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where N = the number of balls it is proposed to use. 
Table No. 46, p. 170, will be of service in this connection. 

The points A and B may be located anywhere on the 
vertical line CD. The circle shown passing through the 
centres of the balls is the pitch-circle. The bearing 
surfaces of the ball races are described by drawing lines 
from the points A and B tangent to the circles representing 


Fig. 44 


the two balls. If, instead of drawing the tangents from A 
and B, the points C and D at the intersections of the 
pitch-circle with the vertical line are used, the angles a, a 
will each be 45°. 

To assist in determining the size of ball to use, the 
following table will be useful :— 
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TABLE 16. 
Diameter of ball. Crushing load. Working load. Weight per gross. 

inch lbs. ee ee Ibs. 

3 1,288 160 0°0415 

B 2,900 360 0:1401 

t 5,150 640 0°3322 

ts 8,050 1000 0°6488 

3 11,600 1450 112138 

4 20,600 2570 2°6576 


In designing a ball bearing, whether for taking a 
thrust or carrying a shaft, a certain amount of clearance 
between the balls is necessary to allow them freedom of 
movement, and this should be about 0°005 inch between 
adjacent balls, but the total amount allowed in any bear- 
ing should not exceed one-third the diameter of the ball 
used, 

From formula 61 the table No. 17, below, has been 
calculated, and will be found to save time when setting 
out a bearing. 


TABLE 17. 


DIAMETER OF BALL PITCH-OIRCLES, CALCULATED FOR BALLS OF 
1-r1ncH DIAMETER, 


Number of balls. | Diameter of pitch-circle.|| Number of balls. | Diameter of pitch-circle. 
ins. ins, 
6 2:000 18 3°758 
7 2°310 19 6:075 
8 2°612 - 20 6394 
9 2923 21 6-710 
10 3:236 22 7-027 
11 3548 23 7345 
12 3°864 24 7662 
13 4:179 25 7-978 
14 4:494 26 8296 
15 4810 27 8615 
16 5°125 28 8934 
17 5-440 30 9°566 


de Se cn 
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It may be assumed that the friction of a ball bearing 
is independent of the speed and the number of balls, but 
the ball used should be as large as possible, as the friction 
varies, roughly speaking, as the square of the diameter of 
the ball in inverse ratio. To provide a good factor of 
safety, and to allow for unequal distribution of the load, 
it is usual to assume that the whole load is carried by one 
ball, and to design accordingly. 

The safe loads given in the above table are calculated 
for a speed of 150 revolutions per minute of the bearing. 
As the speed is increased the value of the safe load will be 
decreased, it being safe to assume that, should the speed 
be doubled, the load should be decreased by one-third. 
To determine the pitch-circle diameter for balls of any 
other diameter than 1 inch, multiply the tabular number 
in Table 17 by the diameter of the ball selected, 


CARRIAGE SPRINGS. 


THE available data on the design of carriage springs is 
very limited, the method most often followed being a 
process of trial and error. For single springs, known as 
“grasshopper” springs, the writer uses the formula given 
by D. K. Clarke, as follows— 

BTI*N 

CS 


in which B = width of plates in inches. 
T = thickness of plates in 54 inch. 
N = number of plates in spring. 
S = span of spring in inches. 
C = constant = 11:3. 


(63) Safe load in tons = 


To determine the deflection in inches per ton of load, 
the most reliable formula the writer is acquainted with is 
that given in the Practical Engineer pocket-book, and 
repeated here— 

T3 
~ OBEN 
where D = deflection in inches per ton of load. 
L = span of spring in inches. 
C = constant = 40,000 for single and 20,000 for 
double springs. 
B = width of plates in inches, 


(64) D 
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T = thickness of plates in inches. 
N = number of plates in the spring. 


In a good many instances it will be found that the 
pneumatic tyres have more to do with the comfort of the 
occupants of the car than the springs, at least in the case 
of cars built a short time back. The present tendency to 
use long springs is a step in the right direction as tending 
to easier riding, which not only adds to the comfort of 
riding, but increases the life of the mechanism by pro- 
tecting it from shock and vibration. 

The springs of a car should be of such a strength that 
they will be deflected through half their working distance 
when fully loaded. When first put to work it will 
probably be found that the springs will take a permanent 
set, so that in estimating the initial deflection to be 
allowed this should receive consideration, The amount of 
this set will only be slight, and will vary somewhat with 
different springs, according to the tempering. 

It is recommended that copious notes be taken, when- 
ever possible, of springs in actual use, and these, when 
tabulated, will be of more practical value than any 
formule. 

When unloaded with either passengers or fuel, the car 
frame should not be parallel with the ground line, but 
should be slightly higher at the back than in front. When 
the load is taken on board, the back end of the frame will 
be depressed, and should then be parallel with the ground. 
If the back of the frame is allowed to be lower than the 
front, z.e. nearer the ground, the appearance of the car will 
suffer. If anything, it will be better to let the front of 
the frame be lower than the back. 
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TABLE 18. 


AREAS OF SMALL CIRCLES. 


On HB eS NS UE SS | Diameter. 


SO COD) | cn 


Areas. 


000078 
0095 
03464 
‘0755 
132 
2043 
‘2922 
3959 
0153 
6504 


02 


‘00031 


0118 


038 
‘0804 


1385 


2124 
3014 
‘4071 


5281 


6648 


‘0007 
0133 
0415 
0855 
"1452 
‘2206 
‘3117 
4185 
‘5411 
6793 


D4 


“05 


“06 


07 


08 


09 


0177 
0491 
0962 
1590 
2376 
3318 
4418 
‘S674 
‘7088 


00196 


0201 
0531 


‘00283 


‘1018 
1662 
2463 
3421 
4536 
‘5809 
‘7238 


00385 
0227 
0572 
‘1075 
1735 
2552 
3526 
‘46957 
0945 
‘739 


00508 
0255 
‘0616 
1134 
181 

2642 
3632 
‘4778 
6082 |: 
*7943 


00636 
0283 
066 
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Area, 


10°679 
11-044 
11-416 
11°793 
12177 
12°566 
12°962 
13364 
13°772 
14186 
14606 
15:033 
15°465 
15904 
16°394 
168 
17:257 
17°72 
18:19 
18°665 
19°147 
19°635 
20°129 
20°629 
21135 
21°647 
21:166 
22°69 
23°221 
23°758 
24°301 
24°85 
25°406 


25-967 


26'535 
27108 


TABLE 21. 
ArEAs oF Creches up To 6 Incurs DIAMETER, ADVANCING BY 32ND8 
AND 16THs. 

: oe he 

s 5 2 8 2 

5 < A Le) < A 5 
“0981 00077 |} 13 4:3197 14848 || 31 | 11°584 
"1963 “00307 || 1y; 4516 16229 || 33 | 11:781 
"2945 -0069 | 1} 4°7124 17671 || 333 | 11-977 
3927 01227 |} 13 4/9087 19175 || 3f | 12°173 
4908 0192 13 51051 20739 || 318 | 12°369 
“589 “02761 |} 14 53014 22365 || 4 12°566 
"6872 ‘0376 13 5°4978 24052 || 44, | 12°762 
"7854 04909 || 18 56941 2°58 41 | 12:959 
"8835 ‘0621 Yy 5'8905 27611 || 43, | 13°155 
‘9817 “0767 143 6:0868 2°9483 || 44 | 13°351 
10799 0928 2 6°2832 31416 || 4% | 13°547 
11781 1104 24, 6°4795 3°3410 || 43 13°744 
1:2762 "1296 23 6°6759 35465 || 4,5 | 13°94 
1:3744 | 1503 || 2% | 68722 | 3-7584 |] 41 | 14-137 
1:4726 “1725 24 70686 3976 4? | 14:333 
15708 “1963 275 72649 4:2 43 | 14:529 
16689 | -2216 || 22 | 7:-4613 | 4-4302 || 414 | 14-795 
17771 | -2485 || 2%| 76576] 4-6664 || 43 | 14-992 
1:8653 ‘2768 23 7854 49087 || 433 | 15°119 
1:9635 3068 27s 8:0503 5°1573 || 43 15°315 
2°0616 +3382 28 8:2467 54119 |) 443 | 15°511 
2°1598 3712 2u. 8-443 5°6723 || 5 15°708 
2°258 4057 3 86394 59395 || 54; | 15°904 

2°3562 “4417 243 8°8357 6:2126 || 54 | 161 
2°4543 4793 24 9:0321 64918 || 57, | 16°296 
2°5525 ‘D185 24% 9°2284 6°7772 || 54 | 16493 
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41233 | 1:353 33 | 11:388 | 10°82 544 | 18653 


27°688 
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‘0 
3141 
6283 
9°424 
12°566 
15°708 
18°849 
21°991 
25°132 
28°274 
10| 31:416 
J1| 34557 
12| 37°699 
13} 40°84 
14} 43°982 
15} 47124 


CHIGMmwWreoS | Diam. 


~ 16} 50°265 


17| 53°407 
18| 56548 
19} 59°69 
20| 62°832 
21| 65°973 
22| 69°115 
23| 72°256 
24| 75°398 
25| 78°54 
26| 81°681 
27| 84823 
28) 87:964 
29} 91°106 
30} 94'248 
31] 97:°389 
32 | 100°531 
33 | 103°672 
34 | 106°814 
85 | 109°956 
36 | 113098 
37 | 116239 
38 | 119°381 
39 | 122°522 
40 | 125°664 
41 | 128°806 
42 | 131:947 
43 | 135°089 
44 | 138°23 
45 | 141:372 
46 | 144'514 
47 | 147°655 
48 | 150°797 


3 


392 
3534 
6°675 
9°817 

12°959 
161 
19°242 
22°383 
25°525 
28°667 
31°808 
34°95 
38°091 
41°233 
44°375 
47516 
50°658 
53°799 
56941 
60083 
63°224 
66°366 
69°507 
72649 
75°791 
78°932 
82074 
85'215 
88°357 
91°499 
94°64 
97°782 
100°923 
104°065 
107°207 
110°349 
113°49 
116°632 
119°773 
122°915 
126°057 
129°198 
132°34 
135°481 
138°623 
141°765 
144'906 
148°048 
151:189 


TABLE 23, 
CIRCUMFERENCES OF CIRCLES, ADVANCING BY S8THS. 
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735 
3°927 
7:068 

10°21 
13-351 
16°493 
19°635 
22°776 
25°918 
29°059 
32°201 
35°343 
38°484 
41-626 
44-767 
47'909 
51:051 
54°192 
57334 
60°475 
63°617 
66°759 
69°9 
73°042 
76'183 
79°325 
82°467 
85°608 
88°75 
91°891 
95°033 
98°175 
101-316 
104°458 
107°6 
110°741 
113883 
117-025 
120°166 
123°308 
126°449 
129°591 
132°733 
135°874 
139:016 
142°157 
145299 
148°441 
151°582 


Circumferences. 


§ 


1178 
4319 
7461 
10°602 
13°744 
16°886 
20°027 
23°169 
26°31 
29°452 
32594 
35°735 
38°877 
42018 
45°16 
48302 
51443 
54585 
57°726 
60°868 
64:01 
67°151 
70°293 
73°434 
76576 
79°718 
82°859 
86:001 
89-142 
92°284 
95°426 
98567 
101°709 
104°85 
107°992 
111134 
114'276 
117-417 
120°559 
123°7 
126°842 
129°984 
133°125 
136°267 
139-408 
142°55 
145°692 
148°833 
151975 


3 


1:57 
4°712 
7854 
10°995 
14137 
17:278 
20°42 
23°562 
26°703 
29°845 
32°986 
36°128 
39°27 
42-411 
45°553 
48°694 
51°836 
54°978 
58119 
61:261 
64402 
67544 
70°686 
73°827 
76°969 
80°11 
83°252 
86394 
89°535 
92°677 
95818 
98°96 
102°102 
105243 
108°385 
111527 
114°668 
11781 
120°952 
124:093 
127°235 
130°376 
133°518 
136°66 
139°801 
142°943 
146084 
149-226 
152°368 


153°153 


3 


2°748 
5°89 
9°032 
12°178 
15°315 
18°456 
21:°598 
24°74 
27'881 
31:023 
34164 
37°306 
40°448 
43°589 
46°731 
49°873 
53°014 
56°156 
59°297 
62°439 
65°58 
68°722 
71864 
75°005 
78147 
81:288 
84°43 
87°572 
90°713 
93°855 
96996 
100°138 
103°28 
106°421 
109°563 
112°705 
115'846 
118:988 
122°130 
125'271 
128°413 
131°554 
134°696 
137838 
140:979 
144121 
147°262 
150°404 
153°545 


CHBNADMNPWONreo | se 


Diam. 


TABLE 24. 
CIRCUMFERENCES OF CIRCLES, ADVANCING By 107THs. 


Circum ferences. 
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TABLE 25. 
TABLE OF SQUARES, CUBES, ETC. 

No. | Square. Cube. pray Neer No. | Square. Cube. Banare cure 
; 1 a 1 1 5 25 125 2°2361 | 1:71 
‘1 1:21 kesh! 1:0488 | 1:0323 || 51 } 26°01 182°651 | 2:2583 | 1:7213 
2 144 1:728 1:0955 | 10627 || 5°2 | 27:04 140°608 | 2:2804 | 17325 
“3 169 2197 1:1402 | 10914 || 5-3 | 28°09 148'877 | 2°3022 | 1°7435 
4 1:96 2°744 1°1832 | 1:1187 || 5:4 | 29°16 157°464 | 2°3238 | 1:7544 
ED 2°25 3370 1:2247 | 1:1447 || 5:5 | 30°25 166°375 | 2°3452 | 1:7652 
6 2°56 4096 1:2649 | 11696 || 5°6 | 31:36 175°616 | 22664 | 1:7758 
ay, 2°89 4913 1°3038 | 1:1935 || 5:7 | 32°49 185193 | 2°3875 | 1:7863 
“8 3°24 5°832 13416 | 1°2164 || 5°8 | 33°64 195:112 | 24083 | 1:7967 
es 3°61 6°859 1:3784 | 1:2386 || 5'9 | 34°81 205°379 | 2°429 | 1:807 
} 4 8 1:4142 | 1:2599 || 6 36 216 2°4495 | 18171 
ak 4:41 9°261 14491 | 1:2806 || 6:1 | 37°21 226981 | 2:4698 | 18272 
2 4:84 10°648 1°4832 | 1:3006 || 6°2 | 38°44 238°328 {2:49 |1°8371 
3 5:29 12°167 1°5166 | 1:32 6°3 | 89°69 250°047 | 2°51 1:8469 
4 5°76 13°824 1:5492 | 1:3389 || 64 | 40°96 262:144 | 2°5298 | 18566 
a) 6°25 15625 15811 | 13572 || 65 | 42°25 274625 | 2°5495 | 1:°8663 
"6 6°76 17576 1°6125 | 1:3751 || 66 | 43°56 287496 |2:569 | 1:8758 
At 729 19°683 1°6482 | 1°3925 || 6°7 | 44°89 300°763 | 2°5884 | 1:8852 
28 7°84 21-952 1°6733 | 14095 || 6°8 | 46°24 814°432 | 2°6077 | 1°8945 
i) 8-41 24°389 1:7029 |}1:426 || 69 | 47°61 328'509 | 2:6268 | 1:9038 
3 9 27 1°7321 | 14422 || 7 49 843 2°6458 | 1:9129 
1 961 29°791 1°7607 | 1°4581 || 7:1 | 50°41 357911 | 2°6646 | 1:922 
32 | 10°24 32°768 1:7889 | 14736 || 7:2 | 51°84 373°248 | 2°6833 | 1:931 
3 | 10°89 35°937 1'8166 | 1°4888 || 7°3 | 53°29 389:017 | 2°7019 | 1:9399 
34 | 11°56 39°304 1°8439 | 15037 || 7:4 | 54°76 405224 | 2°7203 | 1:9487 
5 | 12°25 42°875 1:8708 | 1°5183 || 7:5 | 56°25 421:875 | 2°7386 | 1:9574 
36 | 12°96 46°656 1:8974 | 1°5326 || 7°6 | 57°76 438976 | 2°7568 | 1:9661 
7 | 13°69 50°653 1:9235 | 15467 || 7°7 | 59°29 456'533 | 2°7749 | 1:9747 
8 | 14:44 54°872 1:9494 | 1°5605 || 7°8 | 60°84 474552 | 27928 | 1:9832 
9 |- 15°21 59°319 | 1:9748|1°5741]| 7:9 | 62°41 493:039 | 2°8107| 1:9916 
L 16 64 2 15874 || 8 64 512 2°8234 | 2 

1 | 16°81 68°921 | 2:0249}1°6005 |; 8:1 | 65°61 531441 | 2°846 | 20083 
2 | 17°64 74088 | 2:0494/1°6134 |} 8:2 | 67:24 551368 | 2°863 | 2:0165 
3} 18°49 79:507 | 2:0736 | 1°6261 || 8°3 | 68°89 571°787 | 2°881 | 2:0247 
4 | 19°36 85'184 2°0976 | 1°6386 || 8:4 | 79°56 592°704 | 2°8983 | 2:0328 
5 | 20°25 91°125 | 2:°1213)1°651 || 8:5 | 72:25 614125 | 2°9155 | 2:0408 
6 | 21°16 97°336 2:1448 | 1°6631 || 8°6 | 73:96 636:056 | 2:9326 | 2:0488 
7 | 22°09 103°823 | 2:1680/}1°6751 || 8-7 | 75°69 658'503 | 2:94.96 | 2:0567 
8 | 23°04 110°592 2°1909 | 16869 || 8°8 | 77°44 681'472 | 2:9665 | 2:0646 
9 | 24:01 117°649 | 2°2186/1°6985 || 8:9 | 79:21 704969 | 2:9833 | 2:0724 
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TaBLE oF SQuarzs, Cusns, ETO.—(continued). 


lee 


et 
Seow wnnnnoors 
KH OMDNAIRBUARONe 


10°2 


Cube. 


729 
753571 
778°688 
804°357 
830°584 
857°375 
884'736 
912°673 
941°192 
1970°299 
1000 
1030°301 
1061-208 
1092727 
1124°863 
1157:625 
1191-016 
1225°043 
1259°712 
1295-029 
1331 
1367°631 
1406-928 
1442897 
1481544 
1520°875 
1560°896 
1601613 
1643:032 
1685:159 
1728 
1771561 
1815848 
1860°867 
1906°624 
1953'125 
2000°376 
2048°383 
2097°152 
2146°689 
2197 
2248-091 
2299°968 
2352637 
2406°104 
2460°375 


Square 
root, 


Cube 
root. 


20801 
2°0878 
20954 
2°1029 
2°1105 
2°1179 
2°1253 
21327 
2°14 
2°1472 
21544 
21616 
2°1687 
21757 
21828 
2°1897 
2°1967 
22036 
2°2104 
2°2178 
2°2239 
2°2307 
2'2374 
2°2441 
2°2506 
2'2572 
2°2637 
2°2702 
2°2766 
22831 
2°2894 
2°2957 
2°3021 
2°3084 
2°3146 
2°3298 
2°327 
2'3331 
2°3391 
2°3453 
2°3518 
2°3573 
2°3633 
2°3693 
2°3752 
2°3811 


No. 


Square. 


184'96 
187°69 
190°44 
193°21 
196 

198°81 
201°64 
204°49 
207°36 
210°25 
213°16 
216:09 
219-04 
22301 
225 

22201 
231:04 
23409 
237:16 
840°25 
243°36 
246°49 
249°64 
252°81 
256 

25921 
262°44 
26569 
26896 
272°25 
27556 
278°89 
282°24 
285°61 
289 

292-41 
295'84 
299:29 
302'76 
306°25 
309'76 
313:29 
316°84 
320°41 
324 

327°61 


Cube. 


2515°456 
2571353 
2628°072 
2685°619 
2744 
2803°221 
2863°288 
2924°207 
2985'984 
3048°625 
81127136 
3176°523 
3241°792 
3307949 
3375 
3442951 
3511°808 
3581°577 
3652°264 
723°875 
3796°416 
3869°893 
3944°312 
4019°679 
4006 
4173-281 
4251528 
4330°747 
4410°944 
4492°125 
4574296 
4657°463 
4741°632 
4826°809 
4913 
5000°211 
5088448 
5177-717 
5268025 
5359°375 
5451°776 
5545°233 
5639°752 
5735°339 
5832 
5929°741 


APPENDIX. 


TABLE OF SQuARES, CUBES, ETC.—(continued). 


4 


fSwew ew eaw ew tw iw tw fw hw tw tw 
DS el el eee ee ee ee 


ABHAKWNYH SHAG WHE GH 


Square. 


33124 
33489 
338°56 
34225 
34596 
349°69 
353°44 
357°21 
361 

364'81 
36864 
372°49 
376°36 
380°25 
884°16 
38809 
392-04 
39601 
400 

404-01 
40804 
41209 
416716 
420°25 
424°36 
48249 
43264 
436°81 
441 

445°21 
449°44 
453°69 
457:96 
462:25 
466°56 
470°89 
47524 
47961 
484 

48841 
49284 
497°29 
501°76 
506°25 
510°76 
51529 


Cube. 


6028°568 
6128-487 
6229°504 
6331625 
6434°856 
6539°203 
6644°672 
6751:269 
6859 
6967°871 
7077888 
7189°057 
7301°384 
7414875 
7529°536 
4645°373 
7762°392 
7880°599 
8000 
8120°601 
8242°408 
8365°427 
8489-664 
8615°125 
8741°816 
8869°743 
8998'912 
9129-329 
9261 
9393-931 
9528°128 
9663°597 
9800°344 
9938°375 
10077°696 
10218°313 
10360°232 
10503'459 
10648 
10793°861 
10941:048 
11089°567 
11239°424 
11390°625 
11543°176 
11697:083 


Square 
root. 


Cube 
root. 


Square. 


42661 
4:2778 
4°2895 
43012 
43128 
43243 
4°3359 
43474 
43589 
43704 
43818 
43932 
44045 
44159 
4°4272 
44385 
4°4497 
44609 
44721 
44833 
44944 
45055 
45166 
45277 
45387 
45497 
4°5607 
45716 
45826 
45935 
46043 
46152 
4626 

46368 
46476 
46583 
4669 

4:6797 
46904 
47011 
47117 
4°7223 
4°7329 
4°7434 
4°7539 
4°7644 


2°6304 
2°6352 
2°64 
2°6448 
2°6495 
2°6543 
2°659 
2°6637 
2°6684 
2°6731 
2°6777 
2°6824 
2°6870 
2°6916 
2°6962 
2°7008 
2°7053 
2°7099 
2°7144 
27189 
2°7234 
2°7279 
2°7324 
2°7368 
2°7413 
2°7457 
2°7502 
2°7545 
2°7589 
2°7633 
2°7676 
2°772 
2°7763 
2°7806 
2°7849 
2°7893 
2°7935 
2°7978 
2°8021 
2°8063 
2°8105 
2°8147 
2°8189 
2°8231 
2°8273 
2°8314 


519°84 
524°41 
529 

53361 
538'24 
542°89 
547°56 
§92'25 
55696 
561°69 
56644 
571:21 
576 

580°81 
585°64 
590°49 
595°36 
600°25 
60516 
610:09 
615:04 
620°01 
625 

630°01 
63504 
640°09 
64516 
650°25 
65536 
660°49 
66564 
67081 
676 

681:21 
68644 
691°69 
69696 
702°25 
70756 
712°89 
718-24 
723°61 
729 

734'41 
739°84. 
745°29 


Cube. 


Square 
root. 


11852°352 
12008°989 
12167 

12326°391 
12487:168 
12649°337 
12812904 
12977'875 
13144:256 
13312:053 
13481:272 
13651919 
18824 

18997°521 
14172488 
14348 :907 
14526°784 
14706:125 
14886:936 
15069°223 
15252992 
15438°249 
15625 

15813251 
16003°008 
16194:277 
16387:064 
16581:°375 
16777°216 
16974'593 
17173512 
17373:979 
17576 

17779581 
17984'728 
18191°447 
18399°744 
18609°625 
18821:096 
19034:163 
19248°832 
19465°109 
19683 

19902'511 
20123°648 
20346°417 


4°7749 
4°7854 
4°7958 
48062 
48166 
4°827 
4°8373 
4°8477 
4°858 
4°8683 
4°8785 
48888 
4:899 
49092 
49193 
4:9295 
49396 
4°9497 
49598 
49699 
4°9799 
4:9899 
5 

501 
5°02 
5°0299 
50398 
50498 
5°0596 
5°0695 
50794 
50892 
5099 
5°1088 
51186 
51284 
51881 
51478 
5°1575 
5°1672 
51769 
51865 
51962 
5°2058 
5'2154 
5°2249 


TABLE 


APPENDIX. 


oF Squanrrs, CuBEs, ETC.—(continued). 


Square 


Cube 


No. | Square. Cube. eee ee No. | Square. Cube. 

27:4 | 750°76 | 20570°824 | 5°2345 | 3:0147||32 | 1024 32768 

275 | '756°25 | 20796°875 | 5°244 | 30184 || 32:1 | 1030°41| 33076°161 
276 | 761°76| 21024°576 | 5:2536 | 3:0221 || 32-2 | 1036°84 | 33386248 
27:7 | 767°29 | 21353°933 | 5:2631 | 3:0257 || 32°3 | 1043-29 | 33698°267 
27:8 | 772°84)] 21484'952 | 5:2726 | 3:0293 || 32-4 | 1049°76 | 34012°224 
27°9 | 778°41) 21717639 | 5-282 | 3:033 || 32°5 | 1056:25 | 34328°125 
28 784 21952 5°2915 | 3:0366 || 32°6 | 1062°76 | 34645°976 
28:1 | 78961} 22188°041 | 5:3509 | 3:0402 || 32°7 | 1069°29 | 34965783 
28:2 | 795°24| 22425°768 | 5°3104 | 3:0438 || 32°8 | 107584 | 35287°552 
28°3 | 800°89} 22665°187 | 5°3198 | 3:0474 || 32°9 | 1082°41 | 35611:289 
28°4 | 806°56| 22906°304 | 53292) 3:051 || 33 | 1089 35937 

28°5 | 812°26} 23149°125 | 53385 | 3:0546 || 33°1 | 109561 | 26264-691 
28°6 | 817:96| 23393°656 | 53479 | 3-0581 || 33-2 | 1102°24| 36594:368 
28°7 | 823°69} 23639°903 | 53572 | 3:0617 || 33°3 | 1108°89 | 36926:037 
28°8 | 82944] 23887°872 | 5:3666 | 3:0652 || 33-4 | 1115-56 | 37259-°704 
28°9 | 835°21} 24137°569 | 53759 | 3:0688 || 33°5 | 1122:25 | 37595°375 
29 841 24389 §°3852 | 3:0723 || 33°6 | 1128-96 | 37933056 
29°1 | 84681} 24642°171 | 53944 | 3-0758 || 33-7 | 1135-69 | 38272-7538 
29°2 | 852°64| 24897-088 | 5:4037 | 30794 || 33°8 | 1142-44] 38614472 
29°3 | 858-49] 25153°757 | 5:4129 | 30829 || 33:9 | 1149-21 | 38958-219 
29°4 | 864°36| 25412°184 | 54222 | 3:0864|| 34 | 1156 39304 

29°5 | 870°25| 25672°375 | 54314 | 3:0899 || 34-1 | 1162°81 | 39651821 
29°6 | 87616) 25934°336 | 5:4406 | 3:0934 || 34:2 | 1169-64 | 40001-688 
29°7 | 882°09| 26198-073 | 5:4498 | 3:0968 || 34°3 | 1176-49 | 40353°607 
29°8 | 888-04] 26463°592 | 54589 | 3:1008 || 34-4 | 1183-36 | 40707-584 
29°9 | 894-01] 26730°899 | 54681 | 3:1038 || 34:5 | 1190-25 | 41063625 
30 900 27000 5°4772 | 3°1072 || 34°6 | 1197-16 | 41421-736 
30°1 | 906-01 | 27270°901 | 5:4863 | 3°1107 || 34:7 | 120409 | 41781-9283 
80°2 | 91204] 27543°608 | 5:4954 | 3:1141 || 34-8 | 1211-04} 42144:192 
30°3 | 91809] 27818:127 | 5:5045 | 3:1176 || 34-9 | 1218-01 | 42508°549 
30°4 | 92416] 28094:464 |5:5136 | 3121 |/35 | 1225 42875 

30°5 | 930°25 |) 28372°625 | 5°5226 | 3:1244 || 35-1 | 1232-01 | 438243-551 
30°6 | 936°36 | 28652°616 | 5:5317 | 3°1278 || 35-2 | 1239:04| 48614-208 
30°7 | 942°49] 28934-443 | 5:5407 | 3:1312 || 35-3 | 1246-09 | 43986-977 
30°8 | 948°64 | 29218112 | 5:5497 | 3:1346 || 35-4 | 1253:16 |} 44361-864 
80°9 | 954'81 | 29503629 | 5°5587|3:138 || 35-5 | 1260-25 | 44738-875 
31 961 29791 5°5678 | 3:14.14 || 35:6 | 1267:36 | 45118016 
311 | 967:21 | 30080-231 | 5:5767 | 3:1448 || 35-7 | 1274-49 | 45499-2938 
31:2 | 973°44 | 30371°328 | 5°5857 | 3°1481 || 35-8 | 128164] 45882-712 
31:3 | 979°69 | 80664:297 | 5-5946 | 3°1515 || 35-9 | 1288-81 | 46268-279 
B14 | 985°96 | 80959-144 | 5:6035 | 31548 || 36 | 1296 46656 

315 | 992°25 | 31255°875 | 5°6124 | 3°1582 || 36-1 | 1303-21] 47045-8381 
31-6 | 998°56| 31554:496 | 5°6213 | 3°1615 || 36-2 | 1310°44| 47437-9928 
317 | 1004°89 | 31855-0138 | 56302 | 3°1648 || 36:3 | 1317-69 | 47832-147 
318 | 101124) 32157-432 | 5:6391 | 3:1671 || 36-4 | 1324:96| 48298-544 
31°9 | 1017°61| 32461°759 | 5°648 | 8:1715 || 36:5 | 1332-25 | 48627:125 


Square 
root. 


5°6569 
5°6656 
56745 
5°6833 
5°6921 
5°7008 
5°7096 
5°7183 
5°7271 
5°7358 
5°7446 
5°7532 
5°7619 
5°7706 
5°7792 
5°7879 
5°7965 
5°8051 
58137 
58223 
5831 

5°8395 
5848 

5°8566 
5°8651 
5°8736 
58821 
5°8906 
58991 
59076 
59161 
5°9245 
5°933 

59414 
59498 
59582 
59666 
5°9749 
59833 
59917 


6 

6'0083 
6:0166 
6:0249 
60332 
6°0415 


Cube 
root. 


31748 
3°1781 
31814 
31847 
3188 

31913 
31945 
3°1978 
3°201 

3°2043 
3°2075 
3°2108 
3214 

3°2172 
3°2204 
3°2237 
3°2269 
32301 
3°2332 
3°2364 
3°2396 
3°2428 
3°246 

3°2491 
3°2522 
3°2554 
32586 
3°2617 
3°2648 
3°2679 
32711 
3°2742 
3°2773 
32804 
32835 
32866 
32897 
3°2927 
32958 
3°2989 
33019 
3°305 

3°308 

33111 
33141 
3°3171 


a eee 
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TABLE or Squares, Cues, wro.—(continued). 


ee ee -7- _ - ———— 


Square | Cube 


Cnbe: Square | Cube No. 
root. root. 


Square. root, root, 


Square. Cube. 


ie 


Dobe Sle Screen keting 
KH CSBASUBRENeE © 


1339°56 | 49027°896 | 6:0498 | 8°3202 || 41:2 | 1697-44 | 69934°528 | 6:-4187]| 3:4538 
1346°89 | 49430°863 | 60581 | 3°3232 || 41°3 | 1705°69 | 70444°997 | 64265 | 83-4566 
1354'24 | 49836°032 | 6:0663 | 3°3262 || 41:4 | 1713°96 | 70597:944 | 6:4343 | 34594 
1361°61 | 50243°409 | 6°0745 | 3°3292 || 41°5 | 1722:25 | 71473°375 | 6-442] | 3:-4622 
1369 50653 6°0828 | 3°3322 || 41°6 | 1730°56 | 71991:296 | 6:4498 | 3-465 
137641 | 51064°811 | 6°091 | 3°3352 || 41°7 | 1738889} 72511°713 | 6:4575 | 3:-4677 
138384 | 51478°848 | 6:0992 | 3°3382 || 41°8 | 1747°24| 73034-6382 | 6:4653 | 3:4705 
1891°29 | §1895°117 | 6°1074 | 3°3412 || 41:9 | 1755°61| 73560:059 | 6-473 | 34733 
1898°76 | 52313°624 | 671156 | 3°3442 || 42 | 1764 74088 6'4807 | 3476 
1406°25 | 52734°375 | 61237 | 3°3472 || 42°1 | 1772°41] 74618°461 | 64884 | 3-4788 
1418°76 | 53157°376 | 61319 | 3°3501 || 42-2 | 1780°84 75151:448 | 64961 | 34815 
142129 | 53582°633 |6°14 | 3°3531 || 42°3 | 1789°29 | 75686°967 | 6:5038 | 34843 
1428°84 | 54010°152 | 6°1482 | 3°3561 || 42°4 | 1797°'76 | 76225°024 | 65115 | 3-487 
148641 | 54439°939 | 61563 | 3°359 || 42°5 | 180625 | 76765°625 | 6:5192 | 3-4898 
1444 54872 6'1644 | 3°362 || 42°6 | 1814°76 | 77308°776 | 6°5268 | 3:4915 
145161 | 55306341 | 61725 | 3°3649 || 42°7 | 1823:29 | 77854'483 | 65345 | 34952 
1459°24 | 55742968 | 6°1806 | 3°3679 || 42°8 | 1831°34 | 78402°752 | 65422 | 3-498 
1466°89 | 56181°887 | 6°1887 | 3°3708 || 42°9 | 1840°41 | 78953°589 | 6:5498 | 35007 
1474°56 | 56623°104 | 6°1968 | 3°3737 || 43 | 1849 79507 6'5574 | 3°5034 
1482°25 | 57066°625 | 6°2048 | 3°3767 || 43:1 | 1857°61| 80062°991 | 6°5651 | 35061 
1489°96 | 57512°456 | 62129 | 3°3796 || 43°2 | 1866°24 | 80621°568 | 6:5727 | 3°5088 
1497°69 | 57960°603 | 6°2209 | 3°3825 || 43°3 | 1874°89 | 81182°737 | 6°5803 | 3°5115 
1505'44 | 58411°072 | 6°229 | 3°3854 || 43:4 | 1883°56 | 81746°504 | 6°5879 | 35142 
151321 | 58863°869 | 6°237 | 3°3883 || 43°5 | 1892-25 | 82312°875 | 65954 | 35169 
1521 59319 6'245 | 33912 || 43°6 | 1900:96 | 82881°856 | 6603 | 3°5196 
1528'81 | 59776471 | 6°253 | 3°3941 || 43°7 | 1909°69 | 83453°453 | 6°6106 | 3:5223 
1586°64 | 60236°288 | 6°261 | 3°397 || 43°8| 191844 | 84027°672 | 6°6182 | 3°525 
1544°49 | 60698°457 | 6°269 | 3°3999 |) 43:9 | 1927-21 | 84604°519 | 6°6257 | 3°5277 
1552°36 | 61162°984 | 6°2769 | 34028 || 44 | 1936 85814 6'6332 | 3°5303 
1560°25 | 61629°875 | 6'2849 | 38-4056 || 44:1 | 1994'81 | 85766°121 | 6°6408 | 3:533 
156816 | 62099°136 | 62929 | 34085 || 44°2 | 1953°64 | 86350°888 | 6°6483 | 35357 
1576°09 | 62570°773 | 6°3008 | 3°4114 || 44°3 | 1962°49 | 86938°307 | 6°6558 | 3°5384 
1584'04 | 68044°792 | 6°3087 | 3:4142 || 44°4 | 1971°36 | 87528°384 | 6°6633 | 3°541 
1592°01 | 68521°199 | 6:3166 | 34171 || 44°5 | 1980°25 | 88121:125 | 6°6708 | 3:5437 
1600 64000 63246 | 3°42 44°6 | 1989°16 | 88716536 | 6°6783 | 3°5463 
1608:01 | 64481°201 | 6°3325 | 3:4228 || 44°7 | 1998:09 | 89314°623 | 6°6858 | 3-549 
161604 | 64964°808 | 6°3404 | 3°4256 || 44°8 | 2007:04 | 89915°392 | 6°6933 | 3°5516 
1624:09 | 65450°827 | 6°3482 | 3°4285 || 44°9 | 2016:01 | 90518°849 | 6°7007 | 35543 
1682°16 | 65939°264 | 6°3561 | 34313 || 45 | 2025 91125 6°7082 | 3°5569 
1640'25 | 66430°125 | 6°3639 | 3°4341 || 45-1 | 2034:01 | 91733°851 | 6°7157 | 3°5595 
1648°36 | 66923°416 | 63718 | 8:437 || 452 | 2043-04 | 92345-408 | 6'7231 | 35622 
1656'49 | 67419°143 | 6°3796 | 3°4398 || 45°3 | 2052:90 | 92959°677 | 6°7305 | 35648 
166464 | 67911312 | 6°3875 | 3:44.26 || 45-4 | 2061°16 | 93576°664 | 6°738 | 35674 
1672'81 | 68417°929 | 63953 | 3:4454 || 45°5 | 2070°25 | 94196°375 | 6°7454 | 3:57 

1681 68921 6'4031 | 3:4482 || 45°6 | 2079°36 | 94818°816 | 6°7528 | 3°5726 
1689'21 | 69426°531 | 6°4109 | 3451 |) 45°7 | 2088'48 | 95443:993 | 6°7602 | 3°5752 


138 


Square, 


APPENDIX. 


TABLE or Squares, Cubes, ETC.—(continued). 


Cube. 


2097°64 
2106°81 
2116 

212521 
213444 
2143°69 
2152'96 
2162'25 
2171'°56 
2180°89 
219024 
2199°61 
2209 

2218°41 
2227-84 
2237°29 
2246°76 
2256°25 
2265°76 
2275°29 
228484 
2294'41 
2304 

2313°61 
2323°24 
2332°89 
2342°56 
2352'25 
2361°96 
237169 
238144 
239121 
2401 

2410°81 
2420°64 
2430°49 
2440°36 
2450°25 
2460°16 
2470°09 
2480°04 
249001 
2500 

2601 

2704 

2809 


96071:912 
96702°579 
97336 
97972°181 
98611°128 
99252°847 
99897°344 

100544°625 

101194:696 

101847'563 

102503:232 

103161:709 

103823 

104487111 

105154048 

105823'817 

106496:424 

107171:875 

107850'176 

108581°333 

109215:352 

109902:239 

110592 

111284-641 

111930°168 

112678°587 

113379:904 

114084°125 

114791:256 

115501:303 

116214:272 

116930°169 

117649 

118370°771 

119095'488 

119823'157 

120553°784 

121287375 

122023-936 

122763-473 

123505:992 

124251'499 

125000 

132651 

140608 

148877 


Square 
root, 


6°7676 
6°775 
6°7823 
6°7897 
6°7971 
6°8044 
68118 
68191 
68264 
6°8337 
68411 
6°8484 
6°8557 
6°8629 
68702 
6°8775 
68908 
6°892 
6:8993 
69065 
69138 
6921 
6°9282 
6°9354 
6°9426 
69498 
6°957 
69642 
69714 
6:9785 
6°9857 
6°9929 
7 
70071 
7:0143 
70214 
70285 
7:0356 
7:04.27 
7:0498 
70569 
7064 
70711 
7'1414 
72111 
72801 


Cube 
root. 


3°5778 
3°5805 
3°583 

3°5856 
3°5882 
35908 
3°5934 
3'596 

3:5986 
36011 
3'6037 
3°6063 
3°6088 
36114 
3°6139 
3°6165 
3°619 

3°6216 
3°6241 
36267 
3°6292 
3°6317 
36342 
36368 
36393 
3°6418 
3°6443 
3°6468 
3°6493 
3°6518 
3°6543 
36568 
36593 
36618 
3°6643 
3°6668 
3°6692 
3°6717 
3°6742 
3°6766 
36791 
3°6816 
3°684 

3°7084 
3°7325 
3'7563 


No. 


Square. 


2916 
3025 
3136 
3249 
3364 
3481 
3600 
3721 
3844 
3969 
4096 
4225 
4356 
4489 
4624 
4761 
4900 
5041 
5184 
9329 
5476 
5625 
5776 
5929 
6084 
6241 
6400 
6561 
6724 
6889 
7056 
7225 
7396 
7569 
T7744 
7921 
8100 
8281 
3464 
8649 
8836 
9025 
9216 
9409 
9604 
9801 


Cube. 


157464 
166375 
175616 
185193 
195112 
205379 
216000 
226981 
238328 
250047 
262144 
274625 
287496 
300768 
314432 
328509 
343000 
397911 
373248 
389017 
405224 
421875 
438977 
456533 
474552, 
493039 
512000 
531441 
551368 
971787 
592704 
614125 
636056 
658503 
681472 
704969 
729000 
753571 
778688 
804357 
830584 
857375 
884736 
912673 
941192 
970299 


Square 
root. 


73485 
74162 
74833 
75498 
76158 
76811 
7746 
78102 
7874 
79373 
8 
8:0623 
8124 
81854 
82462 
83066 
83666 
84261 
84853 
8544 
8°6023 
86603 
8°7178 
8775 
88318 
88882 
8:9443 
i) 
9°0554 
91104 
9°1652 
9°2195 
9°2736 
9°3274 
9°3808 
9°434 
9:4868 
9:5394 
9°5917 
9°6437 
9°6954 
9'7468 
9°798 
9°8489 
9°8995 
9:9499 


Cube 
root. 


3°7798 
3°803 
3°8259 
3°8485 
3°8709 
3°893 
39149 
3°9365 
3:9579 
39791 
4 
4:0207 
40412 
4:0615 
40817 
41016 
41213 
41408 
41602 
41793 
41983 
42172 
42358 
42543 
4:2727 
4:2908 
43089 


APPENDIX, 


TABLE 26. 


Squarz, Cusz, AND Fourtu Roots (FRACTIONAL). 
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(Values intermediate between those given may, if desired, be interpolated 
by simple proportion.) 


No. 


a 


22209 90999 
M~ 1D or Hm Oboe 


ee 


J VV 3 4 

Sq. root. |Cube root.| 4th root. || No. Sq. root. |Cube root.) 4th root. 
0316 | 0-464 | 05622 0-45 | 0671 | 0°766 0°8192 
0:3317 | 0°4791 | 0°5759 0-46 | 0°6782 | 0'7719 | 0°82355 
03464 | 0-4932 | 0°5885 0-47 | 0°6856 | 0°7775 | 0:828 
0°3606 | 0°5066 | 0°6004 0-48 | 0°6928 | 0°783 0°8323 
03741 | 0°5192 | 0°6117 0-49 | 0-7 0°7884 | 0°8367 
0-387 | 0°531 | 0°6227 0:50 | 0:707 | 0°794 0°8409 
0-4 0°5429 | 0°6325 0°525 | 0°7246 | 0:8067 | 0'8512 
0°4123 | 0554 | 0°6421 0550 | 0°742 | 0°819 08614 
04243 | 0°5646 | 0°6514 0°575 | 0°7583 | 0°8316 | 08708 
0°4859 | 0°5749 | 0°6602 0°6 O'775 | 0°843 08804 
0-447 | 0585 | 0°6686 0°625 | 0°7906 | 0°855 08891 
0°4583 | 0°5944 | 0°677 0°650 | 0°306 | 0°866 0°8978 
0-469 | 0°6037 | 0°6849 0°675 | 0°8216 | 0°8772 | 0°9064 
0°4796 | 0°6127 | 0°6925 07 0°837 | 0°888 0:9149 
0°4899 | 0°6215 | 0°6999 0°725 | 0°8515 | 0°89835} 0°9228 
05 0°63 0:'7071 0'750 | 0866 | 0:909 09306 
05099 | 0°6383 | 0°7141 0°775 | 0°8803 | 0:9185 | 09383 
05196 | 0°6463 | 0°7208 08 0'894 | 0928 0:9455 
0°5292 | 0°6542 | 0°7274 0°825 | 0°9083 | 0:9379 | 0:9531 
0°5386 | 0°6619 | 0°7338 0°850 | 0°922 | 0:947 09602 
0-548 | 0°669 | 0°7403 0°875 | 0°9354 | 0°9565 | 0°9672 
0:5568 | 06768 | 0°7462 09 0:949 | 0965 09742 
05657 | 0°684 | 0°7532 0°925 | 0°9618 | 0:9743 | 0:9807 
05745 | 0691 | 0°7579 0:950 | 0°975 | 0:983 09874 
0°5831 | 0°698 | 0°7636 0975 | 0°9874 | 0:9916 | 0-9937 
0°592 | 0°705 | 0°7694 1:0 1:000 | 1:000 1:000 
0-6 0°7114 | 0°7746 105 | 1:025 | 1°016 1:0124 
0°6083 | 0°7179 | 0°7799 11 1:049 | 1:032 1:0242 
0°6164 | 0°7243 | 0°7851 115 | 1:072 | 1:048 10851 
0°6245 | 0°7306 | 0°7903 1:2 1095 | 1:063 1:0464 
0°633 | 0°737 | 0°7957 125) jh ESS O77 1:0574 
0°6403 | 0°7429 | 0°8002 1:3 1140 | 1:091 1:0677 
06481 | 0°7489 | 0°805 135 | 1162 | 1:105 1:078 
0°6557 | 0°7548 | 0°8098 14 1183 | 1:119 10876 
06633 | 0°7606 | 0'81445 145 | 1:204 | 1132 10973 
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TaBLE OF Roots—(continued). 


3 3 

No. Sq. root. oe, 4th root. No. Sq. root. |Cube root.) 4th root. 
1d 1295 1145 1:1068 5:0 2°236 1:710 1:4953 
155 1°245 L157 || 11158 51 2-258 1:721 1:5017 
16 1:265 1:170 1°1247 5:2 2°280 1°733 tae 
1:65 1:285 1:182 11336 5:3 2°302 1:744 1:5172 
17 1°304 1194 1-142 5-4 2°324 1:754 1:5245 
75 1323 1°205 11502 55 2°345 1-765 15313 
18 1:342 1:216 1:1582 56 2°366 1:776 1:5382 
1:85 1:360 1:228 11662 57 2°388 1-786 15453, 
19 1:378 1-239 1174 58 2°408 1-797 15518 
1-95 1396 | 1:249 11815 59 2°429 1°807 15585 
20 1-414 1:260 11891 6:0 2°450 1:817 1:5625 
21 1°449 1:281 1:2038 61 2°470 1°827 1:5716 
2°2 1:483 1:301 1:2178 6:2 2°490 1°837 1578 
23 E517 1°320 1:2317 6:3 2°510 1°847 1:5843 
2°4 1549 1:339 1:2446 6-4 2-530 1:857 15906 
25 1581 HOS T7/ 1/2574 65 2°550 1:866 1:5969 
2°6 1-613 1:375 1:27 6°6 2°569 1:876 1:6028 
27 1643 | 1:393 1:2818 67 2°588 1°885 1:6089 
2°8 1:673 1-409 1:2934 68 2°608 1°895 1615 
2°9 1:703 1:426 1:305 6:9 2°627 1:904 1621 
30 1732 1442 1316 70 2°646 1:913 1°6263 
sl 1761 1458 1:327 cn 2°665 1-922 1°6325 
32 1:789 1474 1:338 72 2°683 1931 1:638 
3:3 1817 1-489 1:348 T3 2°702 1-940 1:6438 
34 1844 1504 1:358 74 2°720 1-949 1:6492 
35 1871 L518 | 13678 TS 2°739 | 1957) 1:655 
36 1:897 1533 1:3773 76 2°757 1:966 1:6604 
3°7 1:924 1547 1:387 TEE 2°775 1:975 1-666 
3°8 1:949 1561 1:396 78 2:793 1:983 1-6713 
39 1:975 1574 1:4053 7) 2°811 1:992 16766 
4:0 2000 1:587 14142 8:0 2°828 | 2:000 16817 
41 2:025 1601 1:423 81 2°846 2°008 1:687 
4°2 2°049 1613 14314 8:2 2864 2017 1°6923 
4:3 2:074 1°626 14401 8:3 2°881 2°025 1:6973 
4°4 2098 1639 | 14484 8-4 2°898 | 2:033 | 1:7024 
45 2121 1651 14563 8:5 2916 | 2:041 1:7076 
4'6 2°145 1663 14646 86 2°933 27049 1:7126 
47 2168 1675 14724 8:7 2°950 | - 2:057 1-7176 
4'8 2191 1:687 1:4802 88 2°967 2:065 1°7225 
49 2°214 | 1:699 1488 8:9 2983 | 2:°072 | 17271 


 — — 


poe Ga Ser ee |e Se SESE ROIS = ECPM USONSEIED 
CNH S CGHAIGAG KowRES 


Pt et et et 


Sq. root. 


3-000 
3°017 
3°033 
3:050 
3066 


3°082 
3098 
3115 
3131 
3146 


3°162 
3-178 
3194 
3°209 
3°225 


3°240 
3°256 
3271 
3286 
3°302 


3317 
3°332 
3°347 
3362 
3°376 


3°391 
3406 
3421 
3°435 
3°450 


3464 
3°479 
3°493 
3°507 
3521 


3:°536 
3550 
3564 
3°578 
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TABLE OF Roots—(continued). 


vy 


Cube root. 


2°080 
2088 
2°095 
2103 
2111 


4 


Sq. root. |Cube root. 


4th root. No. 

1-732 12°9 3592 
1-737 13:0 3°606 
17415 13:2 8°633 
1°7464 13°4 3°66] 

1:751 13°6 3°668 
1°7555 13°8 3°715 
1:7601 14:0 3°742 

1765 14:2 3°768 

1:7695 14°4 3°795 

1:7737 14°6 3°821 

1:7782 14'8 3°847 

1°7827 15:0 3°873 

1:7872 15:2 3°899 

1:7914 15°4 3:924 

17958 15°6 3:950 

1:8000 158 3°975 

1°8044 16:0 4:000 

18086 16:2 4025 

1°8127 16°4 4:050 

18171 166 4074 

1:8213 168 4-099 

1°8253 17:0 4123 

1°8295 17:2 4147 

1°8336 174 4171 

1:8374 176 4195 

18415 178 4219 

1°8455 18:0 4243 

1°8496 18'2 4266 

1°8534 18°4 4:290- 
1:8574 18°6 4313 

18612 18'8 4336 

1°8652 19:0 4°359 

1°8689 19°2 4-382 

1:8727 194 4°405 

18764 19°6 4:427 
1°8804 19°8 4:450 
1°8841 20°0 4472 
1°8879 20°2 4494 
1°8915 20°4 4:517 


3 


2°345 
2°351 
2°363 
2°375 
2°387 


2°399 
2°410 
2°422 
2°433 
2°444 


2°455 
2°466 
2477 
2°488 
2°499 


2°509 
2°520 
2530 
2°541 
2°551 


2°561 
2571 
2°581 
2°591 
2°601 


2611 
2621 
2°630 
2°640 
2°650 


2°659 
2°668 
2°678 
2'687 
2'696 


2°705 
2°714 
2°723 
2°732 


14! 


4th root. 


18952 
1:8990 
1-906 

19134 
19204 


19274 
19344 
19411 
1:9481 
1:9547 


1:9614 
1:968 

1:9746 
19809 
19875 


1:9937 
2°0000 
20062 
2:0125 
2°0184 


2'0246 
2°0305 
20364 
20423 
2°0481 


2°054 

2:0599 
20654 
20712 
20768 


2°0823 
20878 
2°0933 
20988 
2°104 


2°1095 
2°1147 
2°12 
2°125 
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Wuitwortn’s STANDARD 55° Sorrw Tureaps ror Bouts. 


APPENDIX, 


TABLE 27. 


(With sizes of hexagonal nuts and bolt heads. ) 


Diameter of bolt. 


Fractional 
sizes. 


3 


JOE rl Ao ee 


he Ny les cote 
OK oan ol 


oR 


Decimal 
sizes. 


Number 
of threads 
per inch. 


60 
48 
40 
24 


crore 


DDD Wd OL Or Sr 


WW WWW WOW WW PAAR RRR OIA ORIINMDOO 
OUST 


Diameter 
at bottom 
of thread, 


0411 
‘0670 
0929 
1341 
“1859 
2413 
2949 
3460 
“3932 
4597 
5085 
5710 
6219 
“6844 
7327 
“7952 
*8399 
9420 
10670 
11615 
1:2865 
13688 
14938 
15904 
17154 
18404 
19298 
2°0548 
2°1798 
2°3048 
2°3840 
2°5090 
2°6340 
2°7590 
2°8559 
2°9809 
3°1059 
3°2309 
33231 
34481 


Distance 
across 
flats. 


*212 
*280 
"338 
448 
525 
6014 
‘7094 
8204 
“9191 
1011 
1-101 
1:2011 
1:3012 
1:39 
14788 
1:5745 
16701 
1:8605 
2°0483 
22146 
2°4134 
2:5763 
2°7578 
30183 
31491 
3°337 
3°546 
3°79 
3°894 
4:049 
4181 
43456 
4531 
4:69 
4:85 
501 
5175 
5°362 
5°59 
5°75 


Distance 
across 
corners. 


"2447 

3233 

3902 

5173 

6062 

"6944 

*8191 

9473 
10612 
11674 
1:2713 
1:3869 
15024 
16050 
17075 
1:8180 
1:9284 
2°1483 
2°3651 
2°5571 
2°7867 
2°9748 
3°1844 
3°4852 
3°6362 
3°8532 
40945 
43301 
44964 
46753 
48278 
50178 
5°2319 
5°4155 
5°6002 
5°7850 
5°9755 
61915 
6°4085 
6°6395 


Thick- 
ness of 


bolt head. 


0547 
0820 
1093 
1640 
2187 
2734 
3281 
“3828 
4375 
4921 
“5468 
“6015 
"6562 
“7109 
“7656 
8203 
875 
9843 
10937 
12031 
1:3125 
14218 
15312 
16406 
1-75 
18593 
1:9687 
20781 
2°1875 
2 2968 
2°4062 
2°5156 
2°625 
2°734 
2°843 
2°953 
3°062 
3171 
3°281 
3°39 


Thick- 
ness of 
nut, 


yall <= baad oka wits hele oie 


at al ms CHEN 
om ov 


beads 0) 
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Wartwortn’s STANDARD Sornw THRBADS, ETO.—(continued). 


Diameter of bolt. 


Fractional| Decimal 


sizes, sizes. 


4 4-0 
4t 4125 
44 4-25 
43 4375 
4t 45 
43 4-625 
43 4°75 
44 4875 
5 50 
Bi 5125 
5 5:25 
53 5°375 
5h 55 

3 5625 
53 5°75 
54 5°875 
6 6:0 


purpose :— 


Number 
of threads 
per inch. 


Diameter 
at bottom 
of thread. 


3573 

36981 
3°8045 
3°9295 
4:0545 
41795 
42843 
44093 
45343 
46593 
4°7621 
48871 
5°0121 
51371 
5°2377 
5°3627 
5°4877 


Distance 
across 
flats. 


on 

a) 
1S Oo 
oubp 


SHAW 
or 


on be 
bo 
or 


DO DW DIIIAD HAD 
[Si wer) 
Or 


HK DMAwWODAW 


orc 


TABLE 28. 
Wuitwortu THREADS FoR GAs AND WATER PIpgs. 
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Distance Thick- | Thick- 
across ness of | ness of 
corners. | bolt head. | nut. 
6°8704 3:0 4 
T1152 3°609 4h 
73612 | 3-718 | 4} 
76210 | 3828 | 43 
78819 | 3-937 1 
81550 | 4046 | 48 
84293 | 4156 | 43 
8:7179 4265 43 
9:0066 | 4375 5 
9°3126 | 4484 | 5} 
9°6417 4:593 54 
9°9304 4:703 53 
10°2190 4812 of 
10°5655 4-921 53 
10-9119 | 5-031 3 
10:2583 | 5-140 | 5% 
11°5470 5°25 6 


For gas and water pipes the Whitworth thread is unsuitable, and for 
this purpose the standard thread is much shallower, with a much finer 
pitch. The table below is the standard used in this country for that 


Internal} Diameter 


Diameter 


Number 


Internal} Diameter 


diameter] at top of 

of pipe. | thread. 
1 3825 
i 5180 
3 6563 
i 8257 
3 9022 
3 1-041 
Piss 
1 1:309 
1 1-492 
1 1:650 
1g | 1-745 
14 1:8825 
13 | 2021 
13 2-047 


at bottom |of threads) 


of thread. | per inch. 
3367 28 
4506 19 
5889 19 
"7342 14 
8107 14 
9495 14 
1:0975 14 
11925 11 
13755 11 
1:5335 11 
16285 il 
1-7660 11 
19045 11 
19305 11 


diameter 
of pipe. 


at top of 
thread. 


2°245 
2°347 
2°467 
25875 
2°794. 
30013 
3124 
3°247 
3°367 
3°485 
36985 
3912 
4:1255 
4°339 


Diameter 
at bottom 
of thread. 


2°1285 
2°2305 
2°3505 
2°4710 
2°6775 
2°8848 
30075 
31305 
3°2505 
3°3685 
35820 
3°7955 
40090 
4:2225 


Number 
of threads 
per inch. 


11 
ll 
11 
11 
11 
uty 
il 
11 
11 
11 
11 
11 
11 
11 
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TABLE 29. 
Wuitworrn Sornw TuHRreaps FoR Hypravuiic Iron PIPine. 


The internal and external diameters being those adopted by Messrs. 
James Russell and Sons. 


Diameter of Pressure |Number geen Pressure | Number 
piping. Diameter | in lbs. of piping. Diameter | in Ibs. of 
ARSE ne av bottom) per threads ||" __—=S«@Y|~S*<C«S*«*‘«:*«“SSA’ Ott per |.threads 
In- Ex- |ofthread.| square per In- FEx- |ofthread.| square per 
ternal. | ternal. inch. inch. || ternal. | ternal. inch. inch. 
8 5335 | 4000 13 16335 | 4000 
$ 6585 | 6000 1 1 1:7585 | 6000 
4 7 | -7835 = 14 || me | tof | a bess | gooon | at 
1 9085 | 10000 23 | 2°0085 | 10000 
3 6585 | 4000 1f | 1°7585 | 4000 
g ‘7835 | 6000 2 1°8835 | 6000 
§ 1)1 | -9085 es 14 | 18 | Jo | 20085 | sooo | 2 
1} | 1:0335 |10000 2) | 2°1335 | 10000 
1 9085 eon 14 18835 | 4000 
; 1} 1:0335 | 6000 2h 2°0085 | 6000 
2 | 11335 coe bt i 2) | 2:1335 | 8000 11 
1g | 1:2585 |10000 23 2°2585 | 10000 
2} | 2°3835 | 10000 
1} | 10335 | 4000 14 
i 1{ | 1:1835 | 6000 2h 2:0085 | 4000 
8 1g | 12585 | 8000 11 1 24 | 271335 | 6000 i 
1} | 13835 | 10000 2 23 2:2585 | 8000 
2} | 2:3835 | 10000 
Uy | 11335 | 4000 
A lf | 1:2585 | 6000 MW 23 271335 | 3000 
4 y 1:3835 | 8000 23 2°2585 | 4000 
12 | 15085 | 10000 3 25 | 23835 | 6000 11 
28 2°5085 | 8000 
1} | 1:2585 | 4000 23 | 2°6335 | 10000 
" 1:3835 | 6000 hl 
: 15085 | 8000 
1} | 16335 |10000 25 | 2°2585 | 8000 
1g | 124 | 33085 | 6000 | 11 
an c B 
4 | asae | ase odes | Soo 
1 1} 1-6335 | 8000 11 25 2°7585 | 10000 
1g | 1:7585 | 10000 
2} 2°3835 | 3000 
13 | 15085 | 4000 28 | 25085 | 4000 
iT 1} | 16335 | 6000 u 2 2% | 2°6335 | 6000 1 
8 1g | 1:7585 | 8000 24 | 2°7585 | 8000 
2 1:8835 | 10000 3 2°8835 | 10000 
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TABLE 30. 


Unirep Srates Stanparp 60° Screw THREADS, 


Diameter of - Diameter at root of Width of flat at top and 
screw, Te rends per inch. thread. bottom of thread, 


} 20 185 0062 

a 18 2408 ‘0069 

é 16 "2936 ‘0078 

13 14 "3447 0089 

; i 4001 0096 

% 12 4542 0104 

3 il 5069 0114 

FH 10 “6201 0125 

j 9 "7307 0139 
1 8 8376 0156 
1} vf "9394 0179 
nu 7 10644 0179 
13 6 1-1585 0208 
1e 6 1:2835 0208 
13 5k 1:3888 0227 
1} 5 14902 0250 
ij 5 16152 0250 
2 43 17113 0278 
21 4h 1:9613 0278 
2h 4 2°1752 0313 
23 4 2°4252 0313 
3 3h 2°6288 0357 
31 Bu 2°8788 0357 
3) 3 31003 0385 
33 3 3:°3170 0417 
4 3 3:5670 0417 
4! 23 3°7982 0435 
4) 28 4:0276 0455 
43 23 42551 0476 
5 2h 44804 0500 
51 24 4°7304 “0500 
5k 23 4:9530 0526 
53 23 52030 0526 
6 2 54226 0556 
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TABLE 31. 


INTERNATIONAL STANDARD 60° THREAD. 
(Metric system.) 


ie the Pitch, Diameter at root of thread. Nast ering 
Millimetres. Millimetres, Millimetres. Millimetres. 
3 : 2°35 ‘ 
4 7) 3:03 ‘09 
5 Cf) 4:03 09 
6 10 4:70 13 
7 10 5°70 13 
8 10 6°70 od 
8 125 6°38 ‘16 
9 1:0 7°70 “te 
9 1:25 738 16 
10 15 8:05 “ED 
11 15, 9:05 “19 
12 15 10:05 sto 
12 175 9°73 22 
14 2:0 11°40 “2p 
16 2:0 13°40 25 
18 2°5 14:75 oe 
20 2°5 16°75. “Sk 
22 2°5 18:75 "Oe 
22 3:0 18:10 38 
24 3:0 20°10 38 
26 3:0 22°10 38 
27 3:0 23°10 38 
28 3:0 24°10 38 
30 35 25°45 “44 
32 oD 27°45 “44 
33 3°5 28°45 “44 
34 Aye 29°45 44 
36 4:0 30°80 5 
38 4:0 32°80 “3 
39 4:0 33°80 5 
40 4:0 34°80 355 
42 45 36°15 56 
44 45 38°15 “56 
45 4:5 39°15 56 
46 4°5 40°15 56 
48 5:0 41-51 63 
50 5:0 43°51 63 
52 5:0 45°51 63 
56 55 48°86 “69 
60 yo 52°86 *69 
64 6:0 56°21 rf) 
68 6:0 60°21 “15 
72 65 63°56 ‘81 
76 65 67:56 “81 
80 70 70-91 88 
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TABLE 32. 
British AssocraTion 474° STANDARD THREAD. 


This is adopted as the standard screw gauge by the Post-office 
Telegraphs Department and most large electrical firms. 


Nominal dimensions in Absolute dimensions in 
ee thousandths of an inch. Threads per millimetres. 
ve inch. 
Diameter. Pitch 
25 10 2°8 353 25 072 
24 11 31 317 29 080 
23 13 oo 285 ‘a 089 
22 15 ai) 259 ‘37 098 
21 ile | 4:3 231 42, la | 
20 19 47 212 48 aE 
19 21 55 181 54 ‘14 
18 24 a9 169 62 A) 
nf 27 67 149 ‘70 “iy 
16 31 T5 134 “HS BAG) 
15 35 8:3 121 90 BAL 
14 39 Oil 110 1:0 23 
13 44 9°8 101 1:2 20 
12 51 11:0 90°7 1:3 28 
th 59 12:2 819 15 31 
10 67 13'8 72°6 hi 3 
2 To 15:4 65:1 Lg *B9 
8 86 16:9 59:1 2:2 43 
7 98 18:9 52°9 2°5 48 
6 100 20°9 A7T9 28 O38 
5 126 232 43:0 3°2 "9 
4 142 26°0 38:5 3°6 66 
3) 161 28°7 34:8 41 3 
2 185 BES 314 4°7 “81 
1 209 35°4 28°2 5°3 90 
0 236 39°4 25°4 6:0 1:00 
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TABLE 33. 


Frenou STANDARD 60° THREAD. 


Diameter. Pitch. Diameter. Pitch. Diameter. Pitch, 
Millimetres. | Millimetres, || Millimetres, | Millimetres. || Millimetres, | Millimetres. 
8 16 i j 
4 "75 18 2°5 38 4:0 
5 715 20 2°5 40 40 
6 10 22 3-0 42 4:5 
7 10 24 3:0 44 45 
8 1:0 26 3:0 46 45 
9 1:0 28 3:0 48 5:0 
10 153 30 35 50 50 
12 15 32 3°5 
14 2:0 34 3:5 
TABLE 34. 
SHarp “ VY” THREAD 60°, 
Number Number Number Number 
Diameter.! of threads || Diameter. | of threads || Diameter.| of threads || Diameter.| of threads 
per inch, per inch, per inch. per inch. 
u 20 $ 9 2 4] 34 3 
a 3 5 
fs 18 tia joao 21 al 33 3 
3 16 1 8 21 4t 3h 3] 
% 14 1} q 28 41 33 31 
3 12 i} 7 24 4 33 $3 
cs 12 1} 6 28 4 3] 3 
3 11 1 6 23 4 4 3 
if 11 1g ‘i 25 4 
3 10 ii » | o 3} 
13 10 tee a ee es a 
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TABLE 35. 


TABLE OF DECIMAL EQUIVALENTS 
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Of eighths, sixteenths, thirty-seconds, and sixty-fourths of an inch. 


Eighths. 
1 125 
} 250 
} 375 
} 500 
i 625 
} 750 
A ‘875 
Sixteenths. 
A 0625 
& 1875 
& 8125 
z 4375 
rf 5625 
th ‘6875 
B 8125 


Thirty-seconds. 


03125 
09375 
15675 
21875 
28125 
34375 
40625 
46875 
93125 
59375 
65625 
“71875 
*78125 
84375 
90625 
96875 


Sixty-fourths, 


Sixty-fourths. 


015625 
046875 
078125 
109375 
140625 
171875 
*203125 
°234375 
"265625 
"296875 
328125 
359375 
390625 
421875 
453125 
484375 


ated 


515625 
546875 
578125 
‘609375 
640625 
671875 
703125 
734375 
765625 
*796875 
828125 
859375 
890625 
"921875 
953125 
984375 
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TABLE 36, 


Incuus AND FRAotTIonS or IncHES TO MILLIMETRES. 


Inches. | Millimetres.|} Inches.| Millimetres.|| Inches. Millimetres.|| Inches.| Millimetres. 
tt ao 33 18:25 18 35°71 23 53°18 
1s 1:58 3 19:04 14 36°51 25 53'97 
a 2:38 53 19°84 1% 87°30 2%; 54°76 
4 3:17 n 20°63 i} 38:09 2% 55°56 
Ps 3°96 34 21:43 ig 38°89 235 56°35 
% 4:76 3 22:22 1% 39°68 21 57:14 
I 555 | 23-01 1g | 40°48 28,| 57-94 
1 6°34 1g | 23°81 1g | 41:27 2,| 58°73 
% T14 31 | 24°60 13| 42:06 2] 59°53 
- 7:93 1 25°39 li | 42°86 23 60°32 
3} 8:73 1s 26:19 13 43°65 233 61:11 
3 9:52 io 26°98 i} 44°44 275 61:9] 
B 10°31 1g, | 27°78 13% | 45:24 21s | 62-70 
U3 1111 li 28°57 183 46:03 24 63°49 
3 11:90 15 29°36 13% 46°83 2 64:29 
} 12°69 13 80°16 yj 47°62 22; 65:08 
y 13°49 14 30°95 133 48°41 218 65°88 
°. 1428 1 81-74 11g | 49-21 28 66°67 
ig 15:08 13 32°54 13} 50:00 231 67:46 
3 15°87 1y; | 33°33 2 50:79 2] 68-26 
3h 16°66 li} 84:13 Qaty 51:59 233 69°05 
th 17-46 13 34:92 2),| $238 23 69:84 
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Inches To MILiimetRes—(continued). 


Inches. | Millimetres.|/ Inches.| Millimetres. |! Inches.| Millimetres.|| Inches.| Millimetres. 


233 | 70°64 333| 97°63 42 | 124-61 531 | 151:60 
|} «7143 3] 98°42 413] 125-41 6 | 15239 
233 72°23 3% | 99°21 435 | 126-20 6, | 15319 
100-01 5 | 126-99 6}, | 153-98 
233 73°81 33} 100:80 54 | 127-79 63, | 154-78 
218 74°61 4 — 101:°59 5, | 128°58 64 | 155°57 
235 | 75-40 44, | 102°39 5g, | 129°38 68, | 15636 
3 7619 41; | 10318 Be | 180-17 6%, | 157-16 
33 | 76:99 43, | 103-98 58, | 130-96 63, | 157-95 
3% | 77°78 41 | 104:77 53 | 131-76 6L | 158-74 
3% | 78°58 43,| 105°56 5g, | 182°55 68, | 159°54 


3 
23 73°02 31 
3 
3 


32 
33 79°37 43.| 10636 51 | 133-34 6), | 160°33 
38 | 80-16 4% | 107-15 5g, | 184-14 eu | 161-18 
3% | 80:96 41 | 107-94 5f, | 134-93 63 | 161-92 
3% | 81-75 42] 108-74 5H | 135-73 613 | 162-71 
3} 82:54 4§,| 109°53 53 | 13652 6{, | 16351 
3y | 83°34 441 | 110:33 51g | 13731 615 | 164'30 
3% | 8413 | 4g | 11112 5 | 18811 6} | 165-09 
3% | 8493 43 | 111-91 543 | 138-90 643 | 165-89 
33 85°72 47, | 112-71 bt | 13969 68, | 166-68 
33 86°51 413 | 113°50 5iy | 140-49 613 | 167:48 
3% | 8731 44 | 114-29 5, | 141-28 63 | 168-27 


wie ont 


31 88°10 413} 115:09 51g | 142-08 6% | 169-06" 
3} 88°89 4%, | 115°88 5g | 142:87 614 | 169:86 
33] 89°69 43 | 11668 53 | 143°66 633 | 170°65 
3% 90:48 4§ | 117-47 5H | =144°46 63 17144 
3K 91:28 431 | 118-26 533 | 145:25 633 | 17224 
33 92:07 411 | 119-06 5} | 146-04 6}3 | 173:03 
321 92°86 433 | 119°85 535. | 14684 633 | 173'83 
3} 93°66 43 | 120-64 513] 14763 6; | 17462 
333 94-45 435 | 121-44 537 | 14843 632 | 175-41 
33 95°24 443 | 122-23 5] | 149-22 618 | 176-21 
33 96°04 427 | 123-03 53 | 15001 63 | 177-00 
313 96°83 47 | 123'82 5ig | 150°81 yd ae gee) 
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Inonzs TO Mintimerans—( continued). 


Inches, | Millimetres.|| Inches.| Millimetres.|| Inches.| Millimetres.|} Inches.| Millimetres. 


7; | 17859 88, | 205°58 99, | 23256 |} 10g, | 259°55 
71; | 179°38 8} | 206°37 92, | 23336 || 10 | 260-34 
Tg | 180-18 84% | 207-16 9g,| 23415 || 10g, | 261-14 

1 | 180-97 88, | 207-96 91 | 23494 || 10y,| 261-93 
Tj | 181-76 8%, | 208°75 9g,| 235-74 || 108 | 262-73 
Tf, | 182°56 8} | 209-54 98,| 23653 |) 103 | 263-52 
1| 237-33 || 101 | 264-31 
23812 | 107,| 265-11 
238-91 | 1033 | 265-90 


ve) 


7g, | 183°35 82, | 210°34 
7 | 18414 8% | 211-13 
7a, | 18494 8 | 211-93 


ve} 
j= OAc? Ga 
co 


We} 


13 
Te, | 185°73 83 | 212-72 97,| 239-71 || 10} | 266-69 
TH | 18653 813 | 213-51 933 | 240:50 |) 108 | 267-49 
7 | 187-32 8%, | 214-31 9: | 241-29 || 10%) 268-28 
7B | 188-11 818 | 215°10 913 | 24209 || 108 | 269-08 
7, | 188-91 8} | 215-89 99, | 24288 || 103 | 269:87 


13 | 189-70 843 | 216-69 942 | 243-68 |] 103 | 270-66 
4 | 190-49 82, | 217-48 9§ | 24447 |] 101, | 271-46 
| 191-29 sig | 218-28 931 | 245-26 || 103% | 272-25 
7, | 192-08 8§ | 219-07 91] 246-06 |) 103 | 273-04 

ie | 192-88 83, | 219-86 933 | 246-85 || 1033 | 273-84 
7§ | 193-67 8 | 220-66 9 


3 | 247-64 |] 101 | 274-63 
73 | 194-46 833 | 291-45 935 | 248-44 || 1037 | 275-43 
74 | 195-26 83 | 299-24 913 | 249-23 |) 10g | 276-22 
733 | 196-05 83 | 293-04 933 | 25003 || 102] 277-01 
73 | 196-84 83 | 223-83 93 | 250°82 || 101g | 277-81 
7% | 197-64 837 | 22463 933 | 251-61 || 103, | 278-60 
73g | 198-48 83 | 225-42 915 | 25241 || 41 | 279°39 
73, | 199-28 83 | 296-21 93 | 253-20 || 113, | 280-19 
5 


71 | 20002 || 8] 22701 | 10 | 25399 || 114,] 280-98 
73 | 20081 || 8g | 297-80 || 103] 254-79 || 118] 281-78 
5 | 20161 || 9 | 22859 |} 107,| 25558 || 113 | 28257 
1 | 20240 || 9 | 22939 || 10s,| 25638 | 118 | 283-36 
g | 20319 || 94,) 23018 | 10) | 25717 | 113] 28416 
8, | 20399 || 98] 23098 || 103] 257-96 || 11g] 284-95 
83, | 20478 |} 9 | 231-77 || 108] 258-76 || 113 | 285-74 


~_ 
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Incues TO MILLIMETRES—(continued). 


Inches. | Millimetres.|| Inches.} Millimetres.|! Inches.| Millimetres,/|| Inches,| Millimetres, 


1g 286°54 12H | 313°53 1333 | 340°51 1443 | 367°50 
11); 287°33 |; 123 31432 137, | 341°31 144 36829 
114, | 28813 || 1233 | 3815-11 || 134§ | 34210 |} 1417] 369-09 
113 288-92 || 12%, | 31591 || 13} | 342°89 || 14%] 369-88 
1133 289-71 1233 | 316°70 13}7 | 343-69 1482 | 370°68 
117%, | 29051 || 12: | 31749 || 188 | 34448 || 148 | 871-47 
118 | 29130 || 1213] 318-29 || 1319 | 345°28 || 14% | 372°26 
li} 292:09 12% | 319:08 133 346:07 14}, | 3873:06 
1117 | 292-89 |) 1219] 319-88 || 133) | 34686 || 1423] 373-85 
lly 293°68 123 320°67 13}, | 347-66 143 374°64 
1148 | 294-48 |] 12% | 321-46 || 1933 | 34845 || 1425 | 875-44 
11g 29527 || 12}:| 322-26 |] 183 | 34924 || 1418] 376-23 
1135 296°06 1233 | 323°05 1333 | 350°04 1437 | 377-03 
11} 296°86 123 32384 1313 | 350°83 147 37782 
113 297°65 1235 | 32464 1333 | 35163 1438 | 378-61 
113 | 298-44 |) 1212] 32543 || 137 | 352-42 |) 1413] 379-41 
113 | 299°24 || 123% | 32623 || 1328 | 353°21 1435 | 380-20 
Uy 300:03 122 327:02 1313 | 354-01 15 380°99 
1127 800°83 1232 | 327-81 133! 354'80 154; | 381:79 
113 301-62 1218 | 328°61 14 355'59 15;; | 382°58 
1132 8302-41 1231 829°40 1445 35639 153 383°38 
1143 | 303-21 13 330°19 144, | 35718 15} 38417 
1135 | 304-00 |} 133,| 330°99 || 14g | 35798 || 15% | 384-96 
12 30479 || 13%] 331-78 |) 144 | 35877 || 153} 385-76 
123, | 30559 || 138 | 33258 || 14% | 35956 || 154 | 386:55 
127, | 30638 || 13) | 33337 }}| 148] 36036 |) 15) | 387-34 
12g | 30718 || 138 | 33416 14% | 36115 || 158] 388-14 
12! 307:97 13; 834°96 14} 361°94 155, 38893 
123; 308°76 134 | 385°75 143, | 362°74 15H | 389:73 
123, | 30956 |] 13} | 33654 || 14%] 36353 |) 15% | 390-52 
12% | 31035 || 13% | 33734 |) 144 | 36433 1518 | 39131 
121 311-14 | 13% | 33813 || 143 | 365-12 15%, | 392-11 
12g | 311-94 || 134 | 33893 || 1448 | 365°91 || 15}§| 392-90 
12¥, 312'73 133 339°72 147, | 366°71 154 393°69 
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Iyonus To MiLLineTRES—(continued). 

Inches. | Millimetres.|| Inches.| Millimetres.|| Inches.) Millimetres.|) Inches.| Millimetres. 
154 | 39449 || 1612 | 421-48 1731 | 44846 || 1833 | 475:45 
15%, | 39528 || 16g | 42227 || 17}, | 44926 || 183 | 476-24 
15 | 39608 || 16% | 423:06 || 17% | 450-05 1833 | 477-04 
158 39687 || 16}! | 42386 || 173 | 450°84 || 1818 | 477-83 
153} | 39766 |} 163% | 424-65 || 17% | 45164 |) 183 | 47863 
15}, | 398-46 163 | 425-44 178 | 45243 || 187 | 479-42 
153 | 399-25 |} 163 | 426-24 || 173% | 453-23 || 18% | 480-21 
153 400-04 16}3 | 427-03 17j | 454-02 1813 | 481-01 
1535 | 400°84 162; | 427-83 17% | 454-81 1831 | 481-80 
1543 | 401-63 16] | 428-62 1733 | 455°61 19 482°59 
152% | 402-43 1633 | 429-41 1735 | 456-40 194, | 483-39 
153 403°22 16} | 430-21 18 457:19 197, | 484-18 
1533 | 404-01 1635 | 431-00 183; |- 457-99 193, | 484-98 
1518 | 40481 17 431-79 18}, | 458-78 19} | 485°77 
153} | 405-60 1735 | 482-59 18%, | 459-58 195, | 486°56 
16 40639 || l7ys | 483-38 18} | 460:37 193, | 487:36 
167, | 407-19 173; | 484-18 183, | 461:16 19%, | 488-15 
167, | 407-98 175 | 484-97 183, | 461-96 191 | 488-94 
163, | 408-78 173; | 435-76 187, | 462:75 198, | 489-74 
16} 409:57 17%; | 486°56 18} | 463°54 195, | 490°53 
16%, | 410°36 17% | 487°35 183 | 464'34 19}, | 49133 
16%, | 411-16 174 | 488-14 185; | 465:13 193 | 49212 
16%, | 41195 || 178 | 438-94 183} | 465-93 1913 | 492-91 
16} 412-74. 177, | 439-73 183 | 466-72 19%, | 493-71 
16%, | 41354 |} 17H | 44053 |} 1813 | 467-51 191s | 494-50 
16%, | 41433 || 173 | 441-32 || 187%] 468°31 191 | 495-29 
164 | 41513 |} 178 | 442-11 1815 | 469-10 1917 | 496:09 
163 415-92 17, | 442/91 18} | 469-89 19%, | 496°88 
1643 | 416-71 1738 | 443-70 1813 | 470-69 1912 | 49768 
167, | 41751 17} | 444-49 18% | 471-48 19§ | 498-47 
161g | 418°30 173i | 445-29 18}3 | 472-28 || 1931} 499-26 
16; | 419°09 || 17%] 44608 |) 18 | 473-07 || 1911 | 500-06 
1643 | 41989 || 178 | 44688 || 182%] 473-86 || 1938 | 500-85 
16%, | 42068 || 17§ | 447-67 181) | 474:66 193 | 501-64 


-_—— SSS 


APPENDIX. 


Inones TO MILLIMETRES—(continued). 
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Inches. 


1933 
1943 
193% 
192 

1933 
1945 
1931 
20 

20s 
20; 
204 
203 

208 
20%, 
20%, 
204 

203; 
20%, 
2014 
203 

2033 
20%; 
2015 
20} 

2043 
2075 
2033 
203 

203 
20H 
2038 
203 

2033 
2058 


Millimetres. 


502-44 
503-23 
504:03 
504'82 
505°61 
50641 
507°20 
507-99 
508°79 
509°58 
510:38 
511-17 
51196 
512°76 
513°55 
51434 
51514 
515°93 
516°73 
51752 
518°31 
51911 
519-90 
520°69 
521-49 
522°28 
523°08 
523'87 
524°66 
525°46 
526°25 
527-04 
527°84 
528°63 


Inches.| Millimetres. 


2033 | 529-43 
203 | 530-22 
2033 | 531-01 
2033 | 531°81 
2031 | 532-60 
21 533°39 


21s, | 534-19 
217, | 534-98 
213, | 535°78 
211 | 536°57 
213, | 537:36 
21%, | 53816 
217, | 538-95 


21, | 539-74 
212,| 54054 
21y,| 541-33 
2135 | 542-13 
213 | 542-92 


218 | 543-71 
21y,| 54451 
211g | 545:30 
21, | 546-09 
214 | 546'89 
219, | 54768 
21 | 54848 
aig | 549-27 
2131 | 550-06 
21 | 550°86 
2123 | 551-65 
213 | 552-44 
2135 | 553-24 


2113 | 55403 
213% | 55483 


21} 555°62 


Inches.) Millimetres. 


2132 | 556-41 
213 | 557-21 
2131 | 558-00 
22 | 558-79 
223, | 559°59 
221, | 560-38 
22%] 56118 


225 | 561-97 
22%, | 562°76 
223, | 563°56 
22%, | 564:35 
221 565:14 


22% | 565-94 
225; | 566:73 


225) | 567°53 
22% | 568-32 
2243 | 569-11 
227, | 569-91 
2213 | 570-70 
22) | 571-49 


2245 | 572-29 
229, | 573:08 


2218 | 573-88 
223 | 57467 
2233 | 575°46 
221; | 576:26 
2233 | 577-05 
223 | 577-84 


2235 | 578-64 
2213 | 579-48 
2237 | 580-23 


227 | 581-02 
2239 | 581°81 
2218 | 582-61 


Inches.| Millimetres, 


2233 
23 

2335 
2315 
2335 
231 

2335 
23% 
2345 
23! 

2325 
2375 
2335 
233 

2333 
2375 
2338 
23} 

231] 
239, 
2335 
235 

2335 
23th 
2355 
233 

2335 
231 

2334 
237 

2338 
2338 
233} 
24 


983°40 
584:19 
584:99 
585°78 
586'58 
587°37 
588'16 
588°96 
589°75 
59054 
591:34 
59213 
59293 
593°72 
59451 
59531 
59610 
59689 
597-69 
59848 
59928 
600:07 
600°86 
601°66 
602'45 
603°24 
604:04 
604°83 
60563 
606°42 
60721 
608:°01 
60880 
609°59 
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TABLE 37. 


EQUIVALENT VALUES OF MILLIMETRES AND INCHES. 


Milli- 
metres. 


OMIM WHR 


Inches, 


Milli- 
metres. 


Inches. 


0394 
‘0787 
‘1181 
1575 
1968 
2362 
2756 
3150 
"3543 
3937 
4331 
“4724 
5118 
5512 
5906 
6299 
6693 
“1087 
7480 
“7874 
8268 
‘8661 
9055 
9449 
9843 


26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


1:0236 
1:0630 
11024 
1:1417 
11811 
1:2205 
1:2598 
1:2992 
13386 
1:3780 
14173 
14567 
14961 
15354 
15748 
16142 
16536 
16929 
17323 
17717 
18110 
18504 
1:8898 
19291 
19685 


Milli- 
metres, 


51 
52 
53 
o4 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
79 


Inches. 


2:0079 
2°0473 
20866 
21260 
2°1654 
22047 
2°2441 
2°2835 
2°3228 
2°3622 
24016 
24410 
2°4803 
2°5197 
2°5591 
25984 
2°6378 
2°6772 
2°7166 
2°7559 
2°7953 
2°8347 
2°8740 
29134 
2°9528 


(100 millimetres = 1 decimetre.) 


Milli- 


metres. 


76 
ia 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


Inches. 


2°9922 
30315 
3:0709 
31103 
3°1496 
31890 
3°2284 
3°2677 
33071 
3°3465 
3°3859 
3°4252 
3°4646 
35040 
35433 
3°5827 
3°6221 
3°6614 
37008 
3°7402 
3°7796 
3°8189 
3°8583 
3°8977 
39370 
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TABLE 38, 


TaBLE oF DEcIMAL EqQvivALENTs oF MILLIMETRES AND FRACTIONS 
oF MILLIMETRES. 


yy Mm. = ‘0003937 inch. 


cma teens, | MO | tate, ff 2M | cen 

a “00079 8 02047 2 07874 
3 “00157 33 02126 3 ‘11811 
3 00236 28 02205 4 15748 
4 00315 38 02283 5 19685 
3 00394 38 02362 6 23622 
§& 00472 3 02441 7 27559 
ue 00551 33 02520 8 31496 
s 00630 ce 02598 9 35433 
3 00709 34 02677 10 39370 
ie 00787 8 02756 11 43307 
uv 00866 oe 02835 12 47244 
RB 00945 ¥ 02913 13 51181 
13 01024 Bis "02992 14 50118 
4 01102 2 03071 15 59055 
13 “01181 40 03150 16 62992 
1s -01260 i 03228 17 66929 
He 01339 2 03307 18 “70866 
18 01417 43 03386 19 74803 
19 01496 44 03465 20 ‘78740 
39 ‘01575 48 03543 21 82677 
ai 01654 46 03722 22 86614 
2 01732 4 03701 23 90551 
23 ‘01811 48 ‘03780 24 ‘94488 
24 01890 4 03858 25 98425 
35 01969 1 ‘03937 26 102362 

10mm. =1centimetre= 3937 inches. 

10cm. =I1decimetre = 3'937 PS 

10dm. =I1metre . = 39°37 *r) 

25°4 mm. = 1 English inch. 
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TABLE 39. 


Pounps Per Square Inow iN KiLoGRAMMES PER SQUARE CENTIMETRE, 


Pounds 
per 
square 
inch. 


ODNIMSSPWNe 


Kilo- 
grammes 
per square 
centimetre. 


0703 
1406 
‘2109 
2812 
8515 
4218 
4921 
5624 
6328 
‘7031 
*TT34 
8437 
9140 
9843 
1:0546 
11249 
11952 
1:2655 
13358 
14062 
14764 
15467 
16171 
16874 
17577 
1:8280 
18983 
19686 
2:0389 
31092 
2°1795 
2'2498 
2°3201 
2:3905 
2°4607 
2°5310 
2°6013 
26717 
2°7420 
2°8123 


Pounds 
per 
square 
inch, 


Kilo- 
grammes 
per square 
centimetre, 


2°8826 
2°9529 
38-0232 
30935 
3:1638 
3°2341 
33044 
3°3747 
38-4450 
35153 
3°5856 
3°6559 
3°7263 
3°7966 
3°8669 
39372 
40075 
40778 
41481 
4:2184 
42887 
43590 
44293 
4:4996 
45699 
46402 
47106 
47809 
48512 
49215 
49918 
50621 
5°1324 
5:2027 
5°2730 
5°3433 
5°4136 
5°4939 
9°5042 
5°6246 


Pounds 
per 
square 
inch. 


Kilo- 
grammes 
per square 
centimetre. 


5°6949 
5°7652 
5°8355 
5:9058 
59761 
60464 
6°1167 
61870 
6:2573 
63276 
6:3979 
6°4682 
6°5385 
66088 
66722 
6°7495 
6:8198 
68901 
6-9604 
7:0307 
73822 
77338 
8:0853 
84368 
8°7884 
9°1399 
9°4914 
9°8430 
10-1945 
10:5460 
108976 
11:2491 
116006 
11-9522 
12:3037 
12°6553 
13-0068 
13°3583 
13:7099 
140614 


Pounds Kilo- 
per grammes 
square | per square 
inch. | centimetre. 


205 14:4129 
210 14°7645 
215 15:1160 
220 15°4675 
225 15°8191 
230 161706 
235 16°5221 
240 16°8737 
245 17-2252 
250 175767 
255 179283 
260 18°2798 
265 18°6313 
270 18°9829 
275 19°3344 
280 19°6860 
285 20°0375 
290 20°3890 
295 20-7406 
300 21:0921 
310 21°7951 
320 22°4981 
330 23°2012 
340 23°9043 
350 24°6073 
360 25°3104 
370 26°0135 
380 26°7166 
390 27-4196 
400 28°1227 
410 288258 
420 29°5288 
430 30:2319 
440 30:9350 
450 316380 
460 32°3411 
470 33°0442 
480 33°7437 
490 344503 


500 35'1533 


Kilos. 


CMAP OD He 
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TABLE 40. 


KiLoGRAMMES IN PounDs. 


Pounds. Kilos. Pounds. Kilos. Pounds, 
2°205 26 57320 51 112-436 
4-409 27 §9°525 52 114°640 
6614 28 61°729 53 116°845 
8818 29 63934 54 119-049 

11:023 30 66°139 55 121:254 

13228 31 68-343 56 123-459 

15432 32 70548 5ST 125663 

17637 33 72°752 58 127-868 

19°842 34 74957 Do 130:073 

22046 ay) 77162 60 132°277 

24°251 36 79°366 61 134°482 

26°455 37 81°571 62 136°486 

28-660 38 83:776 63 138°891 

30°865 39 85:980 64 141-096 

33069 40 88185 65 143°300 

35°274 41 90°389 66 145°505 

37:°479 42 92°594 67 147°710 

39°683 43 94°799 68 149-914 

41°888 44 97:003 69 152119 

44:092 45 99:208 70 154323 

46°297 46 101°413 71 156528 

48°502 47 103°617 72 158°733 

50°706 48 105°822 73 160°937 

52°911 49 108°026 74 163142 

55115 50 110°231 75 165°347 


Kilos. 


76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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Pounds. 


167°551 
169°756 
171-960 
174165 
176°370 
178°574 
180°779 
182-983 
185°118 
187°393 
189°597 
191°802 
194-010 
196°211 
198°416 
200-620 
202825 
205-030 
207°234 
209°439 
211°644 
213°848 
216°053 
218:275 
220°462 


Pounds.| Kilogrs. 
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TABLE 41. 
Pounps 1n KinoGRAMMEs. 
Pounds.| Kilogrs. || Pounds.} Kilogrs, Pounds.| Kilogrs, 
1 454 26 HIS dl 23'133 76 
2 ‘907 27 12°247 52 23'587 tac 
5) 1:361 28 12°701 53 24°040 78 
4 1814 29 13°154 54 24494 19 
5 2268 30 13-608 55 24:948 80 
6 2°722 31 14-061 56 25°401 81 
7 3175 32 14515 57 25°855 82 
8 3°629 33 14969 58 26°308 83 
9 4:082 34 15°422 59 26°762 84 
10 4°536 35 15876 60 27-252 85 
11 4-989 36 16°329 61 27669 86 
12 5443 37 16'783 62 28'123 87 
13 5897 38 17:236 63 28°576 88 
14 6°350 39 17-690 64 29-030 89 
15 6804 40 18:144 65 29°483 90 
16 7257 41 18:597 66 29°937 91 
17 lt 42 19:051 67 30°391 92 
18 8165 43 19-504 68 30°844 93 
19 8618 44 19:958 69 31:298 94 
20 9:072 45 20°412 70 31°751 95 
21 9°525 46 20°865 val $2°205 96 
22 9979 47 21°319 72 32°659 97 
23 10:433 48 21°72 73 33112 98 
24 10:886 49 22°226 74 33°566 99 
25 11°340 50 22°680 75 34019 100 


34:478 
34:927 
35°380 
35°834 
36°287 
36°741 
37:195 
37:648 
38102 
38°555 
39-009 
39-463 
39:916 
40:370 
40°823 
41-277 
41-731 
42°184 
42638 
43-091 
43°545 
43:998 
44-452 
44-906 
45359 
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TABLE 42. 


Ferrer anp Incues with MInuimerre EQvuivALENts. 


ee et Miia | SES ee tne, | ME ees tos, | 
0 1 25°39 3 7 | 1092:2 Gard WZ LOoO | 10 7 | 3225:8 
2 50°79 SSS LEG 7 2 | 21844 |) 10 8 | 3251-2 
0 3 7619 | 3 9 | 11430 ]) 7 3 | 22093 |) 10 9 | 32766 
0 4 | 10159 | 3 10 | 1168-4 7 4 | 2235:2 |} 10 10 | 3302:0 
0 5 | 126:99 Slt LOS 3 7 5 | 22606 |} 10 11 | 3327-4 
0 6 | 152:39 4 0 | 1219-2 7 6 | 22860 || 11 0 | 3852°8 
0 7 | 17779) 4 1 | 12446 hoe | 2oLEE WATS oh 83780 
0 8 | 203-19 4 2 | 1270°0 7 8 | 23368 |} 11 2 | 8403-6 
0 9 | 22859 4 3 | 1295-4 7 9 | 23622 | 11 8 | 3429-0 
010 | 253°99 4 4 | 1320°8 710 | 23876 || 11 4 | 3454-4 
011 | 279-39 4 5 | 1346-2 7 11 | 24130 || 11 5 | 3479°8 
1 0 | 304°79 4 6 | 13716 8 0 | 24384 |} 11 6 | 3505-2 
Peet | 33019 4 7 | 13970 8 1 | 24638 || 11 7 | 35306 
1 2 } 355°59 4 8 | 1422-4 8 2 | 2489:2 || 11 8 | 3556-0 
1 3 | 380:99 4 9 | 14478 8 3 | 25146 || 11 9 | 3581-4 
1 4 | 406:39 410 | 14732 8 4 | 25400 || 11 10 | 3606-8 
1 5 | 431-79 411 | 14986 8 5 | 2565-4 |] 11 11 | 3632-2 
1 6 | 457-19 5 0 | 1524-0 8 6 | 2590°8 || 12 0 | 3657-6 
1 7 | 482:59 5 1 | 1549-4 8 7 | 26162 || 12 1 | 3683-0 
1 8 | 507-99 5 2 | 15748 8 8 | 26416 || 12 2 | 3708-4 
1 9 | 533°39 5 3 | 1600-2 8 9 | 26670 || 12 3 | 87338 
110 |; 558-79 5 4 | 16256 810 | 2692-4 |} 12 4 | 3759:2 
111 | 58419 5 5 | 16510 8 11 | 27178 || 12 5 | 3784°6 
2 0 | 609°59 5 6 | 16764 9 O | 2743:2 |} 12 6 | 3810°0 
2 1 | 63499 5) Ts] 17088 9 1 | 27686 |} 12 7 | 3835-4 
2 2 | 66039) 5 8 | 1727-2 9 2 | 27940 || 12 8 | 3860°8 
2 3 | 685-79 5 9 | 1752°6 9 3 | 28194 |) 12 9 | 3886-2 
2 4 | 711:19 5 10 | 1778-0 9 4 | 28448 |} 12 10 | 3911-6 
2 5 | 73659.) 511 | 1803-4 9 5 | 2870-2 |) 12 11 | 3937-0 
2 6 | 76199 || 6 O | 18288} 9 6 | 2895°6 || 18 0 | 3962-4 
2 7 | 78739) 6 1 | 18542 9 7 | 2921:0 || 13 1 | 3987°8 
2 8 | 812:79 |} 6 2 | 1879°6 9 8 | 2946-4 |} 13 2 | 4013-2 
2 9 | 83819 |} 6 3 | 1905-0 9 9 | 29718 || 13 3 | 4038°6 
210 | 86359} 6 4 | 1930-4 910 | 2997-2 |} 13 4 | 4064-0 
211 | 88899 |} 6 5 | 1955°8 911 | 30226 || 13 5 | 4089-4 
3 0 | 914:39 6 6 | 19812 || 10 O | 30480 || 13 6 | 41148 
3 1 | 98979) 6 7 | 20066 || 10 1 | 30734 || 13 7 | 4140-2 
38 2 | 96519 | 6 8 | 20320 || 10 2 | 30988 || 13 8 | 4165:6 
8 3 | 990:59 6 9 | 2057-4 | 10 38 | 8124-2 || 13 9 | 4191-0 
3 4 {1016-0 6 10 | 20828 || 10 4 | 31496 || 13 10 | 42164 
8 5 {1041-4 6 11 | 21082 |} 10 5 | 31750 || 13 11 | 4241°8 
3 6 |1066°8 7 O | 21336 || 10 6 | 3200-4 || 14 0 | 4267-2 
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Fert anp Incnes To MiLLImeTRES—(continued). 


Ft. Ins. oe Ft. Ins. 
14 1 | 4292°6 ise 
14 2 | 4318:0 Lees 
14 3 | 48438°4 16 tg, 
14 4 | 4868°8 THO 
14 5 | 4894-2 15 
14 6 | 4419°6 16 0 
14 7 | 4445°0 IMG | 
14 8 | 44704 16 2 
14 9 | 4495°8 LGare 
14 10 | 4521°2 16 64 
14 11 | 4546°6 16 5 
15 0 | 4572:0 16 6 
15 1 | 45974 16 7 
15 2 | 4622°8 16 8 
15 3 | 46482 LG 
15 4 | 4673°6 16 10 
E5905; | 46990 16 11 
15 6 | 4724-4 Lao) 


Yards. | Metres. || Yards. 


il 914 |} 21 
2 1-829 || 22 
8 2°743 || 23 
4 3°658 || 24 
5 | 4572 |) 25 
6 5°486 || 26 
7 6401 || 27 
8 | 7315 || 28 
9 8°229 || 29 


10 | 9:144]| 30 
11 | 10-058 || 31 
12 | 10973 |} 32 
13 | 11°887 || 33 
14 | 12801 ]| 34 
15 | 13-716 || 35 
16 | 14:630 || 36 
17 | 15545 || 37 
18 | 16459 || 38 
19 | 17:373 || 39 
20 | 18288 || 40 


Metres. 


19:202 
20°117 
21:031 
21:945 
22°860 
23°774 
24688 
25°603 
26°517 
27°432 
28°346 
29°260 
80°175 
31/089 
32004 
82'918 
33'832 
34°747 
35°661 
86'576 


APPENDIX. 

Milli- Milli- 
ae We. Ene, metres, 
4749°8 17 1 | 5207°0 
4775°2 1% 2 | O2324 
4800°6 PU Sal O20 
4826:0 17 4 | 5283-2 
4851°4 ee DoUS 
4876'8 17 6 | 5334:0 
4902°2 17 7 | 53594 
4927°6 17 8 | 5384°8 
49530 17 9 | 54102 
4978°4 17 10 | 5435°6 
5003'8 17 11 | 5461:0 
5029°2 18 0 | 54864 
5054'6 LS Le oaks 
5080°0 1S 2 | 55372 
5105°4 18 3 } 55626 
5130°8 18 4 | 5588:0 
5156°2 18 5 | 56134 
5181°6 18° 6 | 5638'S 
TABLE 43. 

Linea, Yarps In MBErrRes. 
Yards.| Metres. || Yards.| Metres. 
41 | 37-490 
42 | 38-404 
43 | 39:319 
44 | 40:233 
45 | 41:147 
46 | 42:062 
47 | 42:976 
48 | 43-891 
49 | 44-805 
50 | 45°719 
51 | 46°634 
52 | 47:548 
53 | 48-463 
54 | 49°377 
55 | 50:291 
56 | 51:206 
57 | 52:120 
58 | 53:035 
59 | 53°949 
60 | 54:863 


Ft. Ins, 


a 
co 
ao 
oORWNROROOOs) 


—— 
ewe) 
a 
CoOrovuon tm 


Milli- 
metres. 


5664'2 
5689°6 
5715-0 
5740°4 
5765'8 
5791°2 
5816°6 
5842°0 
58674 
5892°8 
5918-2 
5943°6 
5969°0 
59944 
6019°8 
6045°2 
6070°6 
6096-0 


Yards. | Metres. 


61 | 55°778 || 81 
62 | 56692 || 82 
63 | 57607 || 83 
64 | 58521 || 84 
65 | 59-435 || 85 
66 | 60°350 || 86 
67 | 61:264 || 87 
68 | 62178 || 88 
69 | 63-093 || 89 
70 | 64007 || 90 
71 | 64922 || 91 
72 | 65°836 || 92 
73 | 66°750 || 93 
T& | 67-665 || 94 
75 | 68°579 || 95 
76 | 69:494 |) 96 
77 | 70-408 || 97 
78 | 71:322 || 98 
79 | 72:237 || 99 
80 | 73151 || 100 


74:066 
74980 
75894 
76°809 
17-723 
78°637 
79°552 
80°466 
81-381 
82°295 
83-209 
84124 
85-038 
85:953 
86°867 
87:781 
88°696 
89°610 
90°525 
91°439 


—_— 


Metres. 


OWWD OP wy Doe 


Yards. 


1-094 

27188 

3281 

4:374 

5468 

6562 

T6955 

8-749 

9°843 
10°936 
12-030 
137123 
14-217 
15311 
16°404 
17498 
18:591 
19°685 
20°779 
21:872 
23°966 
24-060 
25°153 
26°247 
27340 
28°434 
29°528 
30°621 
31715 
32°809 
33-902 
34996 
36'089 
37'183 
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TABLE 44. 


Merres iv Linzat Yarps, 


Metres. 


Yards, 


38:277 
39°370 
40°464 
41558 
42°651 
43°745 
44838 
45932 
47-026 
48119 
49213 
50°306 
51-400 
§2°494 
53587 
54681 
55°775 
56°868 
57962 
59°055 
60°149 
61:243 
62336 
63°430 
64:524 
65617 
66-711 
67:°804 
68°898 
69992 
71-085 
72179 
73272 


Metres, 


163 


Yards. 


74366 
75°460 
76553 
77647 
78741 
79°834 
80:928 
82:021 
83°115 
84209 
85°302 
86'396 
87:490 
88°583 
89°677 
90:770 
91:864 
92958 
94:051 
95:145 
96°239 
97-332 
98'426 
99519 
100613 
101°707 
102°800 
103°894 
104:987 
106:081 
107175 
108:268 
109°362 
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TABLE 45. 


DrcimmaL Fractions oF A LINEAL Inco In MILLIMETRES. 


Milli- 
metres. 


"254 

508 

762 
1:016 
1:270 
1:254 
1778 
2:032 
2°286 
2°540 
2°794 
3'048 
3'302 
3'556 
3°810 
4064 
4318 
4572 
4°826 
5'080 
5°334 
5'588 
5°842 
6096 
6'350 
6°604 
6'858 
7112 


Inch, 


Milli- 
metres. 


7366 
7-620 
7874 
8-128 
8382 
8°636 
8890 
9-114 
9°398 
9°652 
9°906 
10160 
10°414 
10-668 
10:922 
11/176 
11-430 
11°684 
11:938 
12°192 
12°446 
12°700 
12:954 
13-208 
13°462 
13:716 
13-970 
14224 


Milli- 
metres. 


14°478 
14732 
14-986 
15-240 
15°494 
15°748 
16°002 
16°256 
16°510 
16°764 
17-018 
17-272 
17°526 
17:780 
18-034 
18-288 
18°542 
18°796 
19:050 
19°304 
19°558 
19°812 
20-066 
20°320 
20°574 
20°828 
21:082 
21°336 


Inches. 


9:00 
10:00 
11:00 
12:00 

=1foot 


Milli- 
metres, 


21:590 
21844 
22098 
22°352 
22606 
22°860 
23°114 
23°368 
23°622 
23°876 
24°130 
24°384 
24°638 
24°892 
25°146 
25°400 
50°799 
76199 
101:598 
126-998 
152°397 
177-797 
203-196 
228°596 
253°995 
279°395 


} 304:794 
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Metric Conversion TABLES. 


English to Metrical System. 
Pounds per foot . . x 1488 =kilos. per metre. 


Pounds peryard . . xX ‘496 = kilos. per metre. 
Tons per foot . . . xX 333333 = kilos. per metre. 
Tons per yard . . . XI111111 =kilos. per metre. 
Pounds per mile . . X 2818 = kilos. per metre. 
Pounds per square inch x ‘0703 = kilos. per square centimetre. 
Pounds per square foot x 4883 = kilos. per square metre. 
Tons per square foot xX 10236 = tonnes per square metre. 
Tons per square yard xX 1-215 = tonnes per square metre. 
Pounds per cubic yard xX 5933 = kilos. per cubic metre. 
Pounds per cubic foot x 16020 =kilos. per cubic metre. 
Tons per cubic yard. X 1329 = tonnes per cubic metre, 
Grains per gallon . x °01426= grammes per litre. 
Pounds per gallon x 09983= kilos. per litre. 
Gallons per square foot X 48905 = litres per square metre, 
Foot-pounds : x 1382 = kilogrammetres, 
Foot-tons . SS Oe 3333 = tonne-metres. 
Horse-power . .. X 1:0139 = force de cheval. 
Pounds per h.p. x ‘477 =kilos. per cheval. 

x 


Heat units . "252 = calories. 


Metrical to English System. 


‘672 = lbs. per foot. 

2016 = lbs. per yard. 
‘0003= tons per foot. 
‘0009= tons per yard. 

3°548 = Ibs. per mile, 

14:223 = lbs. per square inch, 
635 = tons per square inch. 
‘2048 = Ibs. per square foot. 
0914= tons per square foot. 
*823 = tons per square yard. 

1686 = lbs. per cubic yard. 
*0624= lbs. per cubic foot. 
‘752 = tons per cubic yard. 

73:09 = grains per gallon. 

10°438 = lbs, per gallon. 

7-233 = foot-pounds. 

3000 = foot-tons. 

‘9863 = horse-power. 
2:235 = lbs. per horse-power. 
3968 = heat units. 


Kilos. per metre . 

Kilos. per metre . 

Kilos. per metre . 

Kilos. per metre . 

Kilos. per metre . 

Kilos. per square centimetre 
Kilos, per square millimetre 
Kilos, per square metre 
Tonnes per square metre . 
Tonnes per square metre . 
Kilos, per cubic metre . 
Kilos, per cubic metre . 
Tonnes per cubic metre 
Grammes per litre 

Kilos. per litre 
Kilogrammetres . 
Tonne-metres . fe wens 
Force decheval . . ., 
Kilos. per cheval 

WalOrIGsis ss) = aah ystl 


xXXXXKXKXKXKXXKXKXXKXXKKXXKXKX 


166 APPENDIX. 


/ 
} 
] 


Tae Fornowine EquivaLents or Mrrric WzIGHTS AND M®AsuRES IN 
Trrus oF IMPERIAL WEIGHTS AND MEASURES FOR USE IN TRADE 
WERE SANCTIONED BY AN ORDER IN CoUNCIL on THE 19TH May, 1898. 


Metric to Imperial. 


Linear Measure. 
J millimetre (mm.) Gy m.) = 0:03937 inch. 
1 centimetre (jj; m.) . . 03937 %; 
1 decimetre (;, m.) 3°937 inches. 
39°'370113 inches, 


il Ml 


3'280843 feet. 
10936143 yards, 
10:936 yards. 
109:36 5, 
0°62137 mile. 


1 metre (m.) . 


1 dekametre (10 m.) . 
1 hectometre (100 m.) 
1 kilometre (1000 m.) 


fh lq 


Square Measure. 


1 square centimetre 


‘ 0°15500 square inch. 
1 square decimetre (100 square centimetres) 


15°500 square inches. 
{ 10°7639 square feet. 
11960 square yards. 
119°60 square yards. 
24711 acres. 


It tl 


II 


1 square metre (100 square decimetres) 


1 are (100 square metres) . . 
1 hectare (100 ares, or 10,000 square metres) 


ta 


Cubic Measure. 
lcubic centimetre. . =  0:0610 cubic inch. 
1 cubic decimetre (c.d.) (1000 cubic centimetres) = 61:024 cubic inches. 


1 cubic metre (1000 cubic decimetres). . . = { Taboo uee a da 


Measure of Capacity. 
1 centilitre (71, litre) = 0:070 gill. 
1 decilitre (4 litre) . = 0:176 pint. 
1 litres) set . . =1°75980 pints. 
1 dekalitre (10 litres) = 2°200 gallons. 
1 hectolitre (100 litres) = 2°75 bushels. 


Weight—Avoirdupoits. 
1 milligram (,45 grm.) 0-015 grain. 


1 centigram (4, grm.) = 0154 ,, 

J decigram (jj grm.). = 1°543 grains. 

1 gramme (t grm.) . = 15482  ,, 

I dekagram (10 grm.) = 5°644 drams. 

1 hectogram (100 grm.) = = 3527 oz. 

1 kilogram (1000 grm.) = oa Ib., or 15432'3564 
1 myriagram (10 kilog.) = 22:046 Ib. 

1 quintail (100 kilog.) = 1:968 cwt. 

1 tonne (1000 kilog.). © = ‘9842 ton, 
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Weight—Troy. 


03215 oz. troy. 
15432 grains. 


1 gram (1 grm.) = { 
Weight—Apothecaries. 


2572 drachm. 
1 gram (1 grm.) = ‘7716 scruple. 
15:432 grains. 


EQUIVALENTS OF IMPERIAL AND Mrrric WEIGHTS AND MEASURES. 
Imperial to Metric. 


Linear Measure. 


25°400 millimetres. 
°30480 metre. 
*914399 metre. 

1:8288 metres. 


timense. 
1 foot (2 inches) . 
l yard (8 feet) . . 
1 fathom (6 feet) : 


aL | 


1 pole (53 yards) 50292 ~—C«, 
1 chain (22 yards). 201168 _ ,, 
1 furlong (220 yards) = 201:168 Ss 
1 mile (8 furlongs) 16093 kilometres. 


Square Measure. 


64516 square centimetres. 
9°2903 square decimetres. 
836126 square metres. 
25°293 square metres. 

10°117 ares. 
40468 hectare. 
259:00 hectares. 


lsquareinch . 
1 square foot (144 square ‘inches) 
1 square yard (9 square feet) . 
1 perch (301 square yards) 
1 rood (40 perches) . 
1 acre (4840 square yards) . ° 
1 square mile (640 acres) . . 


Hu de de ua 


Cubic Measure. 


lecubicinch . = 16:387 cubic centimetres. 
1 cubic foot (1728 cubic inches) = ‘028317 cubic metre. 
1 cubic yard (27 cubic feet) . = 764553 _,, A 
Measures of Capacity. 
deoill) cee ee = 1 eoidecilitres: 
1 pint (4 gills). . = ‘568 litre. 


1 quart (2 pints) . 1136 litres. 

1 gallon (4 quarts) = 46459681 litres. 
1 peck (2 gallons). = 9-092 A 

1 bushel (8 gallons) = 3637 dekalitres. 
1 quarter (8 bushels) = 2:909 hectolitres. 
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Apothecaries Measure. 


Iminim. . heute ote e a (O09 tal branes 

1 fluid scruple . ; . . =1184 millilitres. 

1 fluid drachm (60 minims) . 5 ie SIOZ oF 

1 fluid ounce (8 drachms). . . . = 2°84123 centilitres. 
J pint. = ‘568 litre. 


1 gallon (8 pints or 160 fiuid ounces) = = 45459631 litres. 


Avoirdupois Weight. 


eagle ° = 0648 gramme. 
ldram . 5 : = 1°772 grams. 
1 ounce (16 draws) : aS aU meas 
1 pound (16 oz. or 7000 grains) = 45359243 kilogram. 
1 stone (14 lbs.) . . = 6350 kilograms. 
1 quarter (28 Ibs.) =i 12-70 e 

50°80 


1 hundredweight (cwt.) (112 lbs.) 5080 quintail. 


ifton (20vcwl.)ieteue a ene es =| pies or 1016 


Troy Weight. 
1 grain 7). 0648 gramme. 
1 pennyweight (24 grains) 15552 grammes. 
1 troy ounce (20 pennyweights) = 31'1035 & 


1 tl il 


Apothecaries Weight. 
1 grain . ; = ‘0648 gramme. 
1 seruple (20 grains) = 1:296 grammes. 
1 drachm (3 scruples) = 3°888 3 
1 ounce (8 drachms) = 3171035 __,, 


Norr.—Approximately one litre equals 1000 cubic centimetres, and 
one millilitre equals 1:00016 cubic centimetres. 


APPROXIMATE EQUIVALENTS. 


1 millimetre =; inch. 

Imetre . . =83 feet 3 inches and 3 eighths, 
or 1, yards. 

1 kilometre . = mile. 

linch. . . = 24 centimetres. 

lmile. = 1} kilometre. 


I square inch = 6} square centimetres. 

1 square metre = 1} square yard, or 103 square 
feet. 

1 square yard = % square metre. 

lacre. . . = 4000 square metres. 


APPENDIX. 
leubic yard = cubic metre. 
leubic metre = 1} cubic yard. 
Tlitte. . . = 1} pints. 

1 gallon 44 litres. 


1 cubic foot . 2 28°3 litres. 


lgramme . = 15! grains. 
1 kilogram . = 2! pounds. 


1000 kilograms = 1 English ton, 


lewt.. . . =51 kilograms 
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TABLE 46. 
Sinus or ANGLES OF AN EQuaLLy Divipep CircLE wHosp Raptivs Is 1. 


360° 180° 180° 360° 180° , 136° 
N 5 a Sin =a N N N Sin = 
na fo} , ” fe} , ” 2 [o) , wv” fe} , ” 
1 1360 0 0/180 0 0; 10 51 7 3 32 3 31 46 06156 
P1180 2200) 790 O70 11:6 52 6 55 23 3 27 42 ‘06038 
351120210 =07|260) (OO "86603 || 53 6 47 33 3 23 46 05922 
A900) 01-45" 010 70711 || 54 640 0 320 0 “05814 
Feei2 0 Oleoo. ONO 58799 || 55 | 6 8244} 3 16 22 ‘05709 
62/60) <0; 0,130. (0) 0 50000 || 56 6 25 43 | 73 12 58 ‘05607 
7 | 51 25 43 | 25 42 OL 43388 || 57 6 18 57 3 9 28 *05509 
8 | 45 0 0) 22 30 0 38268 || 58 6 12 25 3 6 12 05414 
9;40 0 0; 20 0 0 84202 || 59 | 6 6 6 Sy nh ae: 05322 
LOG S600 a Ol ES. 105 10: 30902 || 60 60716 3.0 26 05234 
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22 | 16 21 49 8 10 55 14233 || 72 3.08 2 30 0 04362 
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81 | 11 36 46} 5 48 23 | °10117 }j 81 4 26 40] 2 13 20 “03878 
BY) UES sys Oa aes A Sih) "09801 || 82 4 23 25 2 11 42 03830 
83 | 10 54 83} 5 27 16 ‘09506 || 83 4 20 14 2A0 7 03784 
84; 103518) 517 39 09227 || 84 AT VO 2 Ses. 03739 
SHON yes Sil oe 6 OF 08963 || 85 414 7 2 4 03695 
SOON One 0) oer ‘08716 || 86 4 11 10 2 Ora “03652 
387 | 9 43847] 4 51 54 ‘08510 || 87 4 817 2 4 8 ‘03610 
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Sieh Ses i 4 86 55 08047 |} 89 | 4 2 42 7A AD 03529 
40 9.0) 0 430 0 ‘07846 || 90 4 0 0 2-00 03490 
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48 730 0 3.45 0 06540 |} 98 3 40 24 1 50 12 03205 
49 | 7 20 49 8 40 24 06407 || 99 Sool: Te is) 03172 
DOP ed tae nOn Soom O 06279 1100 | 3 36 0 148 0 03141 
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DUNKERLE YV.—MECHANISM. By S. DUNKERLEY, MeSexe 
Assoc.M.Inst.C.E., M.Inst.C.E., Professor of Engineering in the University of Man- 
chester. With 416 Diagrams. 8vo., gs. net. 


GOODEVE.—Works by T. M. GOODEVE, M.A., formerly Professor 
of Mechanics at the Normal School of Science, and the Royal School 
of Mines. : 


THE ELEMENTS OF MECHANISM. With 357 Illustrations. 


Crown 8vo., 6s. 


PRINCIPLES OF MECHANICS. With 253 [Illustrations and 


numerous Examples. Crown 8vo., 65. 


A MANUAL OF MECHANICS: an Elementary Text-Book for 


Students of Applied Mechanics. With 138 Illustrations and Diagrams, and 188 
Examples taken from the Science Department Examination Papers, with Answers.” 
Fep. 8vo., 25. 6d. a 


GOODMAN.—MECHANICS APPLIED TO ENGINEERING. By 
JOHN GOODMAN, Wh.Sch., M.i.C.E., M.I.M.E., Professor of Engineering in the Uni- ~ 
versity of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo., gs. net. 


GRIEVE.— LESSONS IN ELEMENTARY MECHANICS. | By 


W. H. GRIEVE, late Engineer, R.N., Science Demonstrator for the London County 
Council. 


Stage 1. With 165 Illustrations and a large number of Examples. Fecp. 8vo, 1s. 6d. 
Stage 2. With 122 Illustrations. Fep. 8vo., 15. 6d. 
Stage 3. With 103 Illustrations, Fecp. 8vo., 15, 6d. 


MAGNUS.—Works by SIR PHILIP MAGNUS, B.Sc., B.A. 


LESSONS IN ELEMENTARY MECHANICS. Introductory to the 


study of Physical Science. Designed for the Use of Schools, and of Candidates for 
the London Matriculation and other Examinations. With numerous Exercises, 
Examples, Examination Questions, and Solutions, etc., from 1870-1895. With 
Answers, and 131 Woodcuts. Fep. 8vo., 35. 6d. 

Key for the use of Teachers only, price 55. 34d. 


HYDROSTATICS AND PNEUMATICS.  Fep. 8vo., 15, 6¢., or, 


with Answers, 2s. The Worked Solutions of the Problems, 2s. 


MORLE Y.— MECHANICS FOR ENGINEERS: a Text-Book of 
Intermediate Standard. By ARTHUR MoRLeEy, M.Sce., University Scholar (Vict.) > 
Senior Lecturer in University College, Nottingham. With 200 Diagrams and 
numerous Examples. Crown 8yo., 45. net. 


PULLEN.—MECHANICS: Theoretical, Applied, and Experimental. 
By W, W. F. PULLEN, Wh.Sch., M:I.M.E., A.M.LC.E. With 318 Diagrams and 
numerous Examples. Crown 8vo., 4s. 6d. 
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MECHANICS, DYNAMICS, STATICS, HYDROSTATICS, ETC.- Continued. 
ROBINSON.—ELEMENTS OF DYNAMICS (Kinetics and Statics). 


With numerous Exercises. A Text-book for Junior Students. By the Rev. J. L. 
Ropinson, M.A. Crown 8vo., 6s. 


_ SMITH.—Works by J. HAMBLIN SMITH, M.A. 


ELEMENTARY STATICS. Crown 8vo., 35. 
ELEMENTARY HYDROSTATICS. Crown 8vo., 35. 
KEY TO STATICS AND HYDROSTATICS. Crown 8vo., 65. 


TARLETON.—AN INTRODUCTION TO THE MATHEMATI- 
CAL THEORY OF ATTRACTION. By Francis A. TARLETON, LL.D., Sc.D., 
Fellow of Trinity College, and Professor of Natural Philosophy in the University of 
Dublin. Crown 8vo., ros. 6d. 


ZA YEOR.—Works by J. E: TAYLOR, M.A., B.Sc. (Lond.). 
THEORETICAL MECHANICS, including Hydrostatics and Pneuma- 


tics. With 175 Diagrams and Illustrations, and 522 Examination Questions and 
Answers. Crown 8vo., 25. 6d. 


THEORETICAL MECHANICS—SOLIDS. With 163 Illustrations, 
1z0 Worked Examples and over 500 Examples from Examination Papers, etc. 
Crown 8vo., 25. 6d. 

THEORETICAL MECHANICS.—FLUIDS. With 122 Illustrations, 


numerous Worked Examples, and about 500 Examples from Examination Papers, 
etc, Crown 8vo., 2s. 6d. 


_THORNTON.— THEORETICAL MECHANICS—SOLIDS.  In- 


cluding Kinematics, Statics and Kinetics. By ARTHUR THORNTON, M.A., F.R.A.S. 
With 200 Illustrations, 130 Worked Examples, and over goo Examples from Examina- 
tion Papers, etc. Crown 8vo., 45. 6d. 


_ TWISDEN.—Works by the Rev. JOHN F. TWISDEN, M.A. 


PRACTICAL MECHANICS; an Elementary Introduction to their 
Study. With 855 Exercises, and 184 Figures and Diagrams. Crown 8vo., Ios. 6d. 


THEORETICAL MECHANICS. With 172 Examples, numerous 


Exercises, and 154 Diagrams. Crown 8vo., 8s. 6d, 


WILLIAMSON —INTRODUCTION TO THE MATHEMATI- 
CAL THEORY OF THE STRESS AND STRAIN OF ELASTIC SOLIDS. By 
BENJAMIN WILLIAMSON, D.Sc., F.R.S. Crown 8vo., 55. 


WILLIAMSON and TARLETON.—AN ELEMENTARY 
TREATISE ON DYNAMICS. Containing Applications to Thermodynamics, with 
numerous Examples. By BENJAMIN WILLIAMSON, D.Sc., F.R.S., and FRANCIS A. 
TARLETON, LL.D. Crown 8vo., tos, 6d. 


WORTHINGTON.—DYNAMICS OF ROTATION: an Elementary 
Introduction to Rigid Dynamics. By A. M. WorRTHINGTON, C.B., F.R.S. Crown 
8vo., 45. 6d, 
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MENSURATION, SURVEYING, ETC. ey 


BRABANT—THE ELEMENTS OF PLANE AND SOLID MENSU- 
RATION. With Copious Examples and Answers. By F. G, BRABANT, M.A. — 
Crown 8vo., 35. 6d. : 


CHIVERS.—ELEMENTARY MENSURATION. By G. T. CHivers, 
Head Master of H.M. Dockyard School, Pembroke. With Answers to the Examples. 


q 
Crown 8vo., 55. | 


GRIBBLE.—PRELIMINARY SURVEY AND ESTIMATES. By — 
THEODORE GRAHAM GRIBBLE, Civil Engineer. Including Elementary Astronomy, 
Route Surveying, Tacheometry, Curve Ranging, Graphic Mensuration, Estimates, 
Hydrography and Instruments. With 133 Illustrations, Quantity Diagrams, and 
a Manual of the Slide-Rule. Crown 8vo., 75. 6d. 3 


HILE Y.—EXPLANATORY MENSURATION. By the Rev. ALFRED — 
Hivey, M.A. With a Chapter on Land Surveying by the Rev. JOHN HUNTER, M.A. 
Containing numerous Examples, and embodying many of the Questions set in the Local — 
Examination Papers. With Answers. r2mo., 2s. 6d. 


HUNTER.—MENSURATION AND LAND SURVEYING. By 


the Rev. JOHN HUNTER, M.A. 18mo., 1s. KEY, Is. 


LODGE.— MENSURATION FOR SENIOR STUDENTS. By 
ALFRED LODGE, M.A., late Fereday Fellow of St. John’s College, Oxford; Professor 
of Pure Mathematics at the Royal Indian Engineering College, Cooper’s Hill. With 
Answers. Crown 8vo., 45. 6d. 


_LONGMANS’ SCHOOL MENSURATION. By ALFRED J. PEARCE, 


B.A. (Inter.), Hons. Matric. (London). W{th numerous Diagrams. Crown 8vo. With 
or without Answers, 2s, 6d. 


LONGMANS’ JUNIOR SCHOOL MENSURATION. To meet the 


Requirements of the Oxford and Cambridge Junior Local Examinations, the College 
of Preceptors, etc. By W.S. BEARD, F.R.G.S., Head Master of Fareham Modern 
School. With Answers to Exercises and Examination Papers. Crown 8vo., 15. 


LUPTON.—A PRACTICAL TREATISE ON MINE SURVEYING. 
By ARNOLD LupTON, Mining Engineer, Certificated Colliery Manager, Surveyor, 
Member of the Institution of Civil Engineers, etc. With 216 Illustrations. Medium 
8vo., 125, net. 


NESBIT.—PRACTICAL MENSURATION. By A. Nessirt.  Illus- 


trated by zoo Practical Examples and 7oo Woodcuts. s12mo., 35. 6d KEY, 55. 


SMITH.—CIRCULAR SLIDE RULE. By G. L. Smiru.. Fep. 


8vo,, Is. net, 
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. . ALGEBRA, ETC. 
_---*,* For other Books, see Longmans & Co.'s Catalogue of Educational and School Books. 


ANNALS OF MATHEMATICS. (PuszisHep UNDER THE AUSPICES 


OF HARVARD UNIVERSITY.) Issued Quarterly. 4to., 25. net. 


BURNSIDE anpv PANTON—THE THEORY OF EQUATIONS. 
With an Introduction to the Theory of Binary Algebraic Forms. By WILLIAM SNOW 
BuRNSIDE, M.A., D.Sc., Fellow of Trinity College, Dublin; and ARTHUR WILLIAM 
PANTON, M.A., D. Se., Fellow and Tutor of Trinity College, Dublin. Vol. I. 8vo., 
ros. 6d, Vol. Il. 8vo., gs. 6d. 


CONSTABLE anp MILLS —ELEMENTARY ALGEBRA UP TO 
re AND INCLUDING QUADRATIC EQUATIONS. By W. G. CONSTABLE, B.Sc., 
3 B.A., and J. Mitts, B.A. Crown 8vo., 2s. With Answers, 25. 6d. 


Also in Three Parts. Crown 8vo., cloth, limp, 9d@. each. ANSWERS. Three Parts. 
Crown 8vo., paper covers, 6d. each. 


2 CRACKNELL.— PRACTICAL MATHEMATICS. By A. G 
CRACKNELL, M.A., B.Sc., Sixth Wrangler, etc. With Answers to the Examples. 
Crown 8vo., 35. 6d. 


-LONGMANS’ JUNIOR SCHOOL ALGEBRA. By Wi.uam S. 
BEARD, F.R.G.S., Head Master of the Modern School, Fareham. Crown 8vo., 15. 6d. 
With Answers, 2s. 


~SMITH—Works by J. HAMBLIN SMITH, M.A. 
ELEMENTARY ALGEBRA. New Edition, with a large number 


of Additional Exercises. With or without Answers. Crown 8vo., 3s. 6d. Answers 
separately, 6d. KrEy, Crown 8vo., gs. 
: * * The Original Edition of this Book is still on Sale, price 2s. 6d. 


EXERCISES IN ALGEBRA. With Answers. Fcap. 8vo., 2s. 6d. 


Copies may be had without tbe Answers. 


WELSFORD ann MA VO.—ELEMENTARY ALGEBRA. By J. W. 
WELSFORD, M.A., formerly Fellow of Gonville and Caius College, Cambridge, and 
C. H. P. Mayo, M.A., formerly Scholar of St. Peter’s College, Cambridge; Assistant 
Masters at Harrow School. Crown 8vo., 35. 6¢., or with Answers, 45. 6d. 
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CONIC SECTIONS, ETC. 


CASE Y—A TREATISE ON THE ANALYTICAL GEOMETRY 
OF THE POINT, LINE, CIRCLE, AND CONIC SECTIONS. | By JOHN CASEy, 
meeD., E.R. Crown 8vo., 12s. 


SALMON.—A TREATISE ON CONIC SECTIONS, containing an 
Account of some of the most Important Modern Algebraic and Geodieite Methods. 
By G. Savmon, D.D., F.R.S. 8vo., 125. 


_SMITH—GEOMETRICAL CONIC SECTIONS. By J. Hameiin 
\ SMITH, M.A. Crown 8vo., 35. 6d. 
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THE CALCULUS, LOGARITHMS, ETC. 


BARKER.—GRAPHICAL CALCULUS. By ArtTHuR H. BARKER,” 


B.A., B.Sc. With an Introduction by JOHN GOODMAN, A.M.I.C.E, With 61 
Diagrams. Crown 8vo., 45. 6d. 


MELLOR.— HIGHER MATHEMATICS FOR STUDENTS OF 
CHEMISTRY AND PHYSICS. With special reference to Practical Work. By 
J. W. MELLOR, D.Sc., Research Fellow, The Owens College, Manchester. With 
142 Diagrams. 8vo., 12s. 6d. net. 


MURRA Y.—Works by DANIEL ALEXANDER MURRAY, Ph.D. 


AN INTRODUCTORY COURSE IN DIFFERENTIAL EQUA- 
TIONS. Crown 8vo., 45. 6d, 


A FIRST COURSE IN THE INFINITESIMAL CALCULUS. 
Crown 8vo., 7s. 6d. 


ODEA. 


AN ELEMENTARY TREATISE ON LOGARITHMS, 
EXPONENTIAL AND LOGARITHMIC SERIES, UNDETERMINED CO- 
EFFICIENTS, AND THE THEORY OF DETERMINANTS. By JAMEs J- 
O'DEA, M.A. Crown 8vo., 2s. 


TATE.—PRINCIPLES OF THE DIFFERENTIAL AND INTEGRAL 
CALCULUS. By THOMAS TATE. tremo., 4s. 6d. 


LA YLOR.—Works by F. GLANVILLE TAYLOR. 


AN INTRODUCTION TO THE DIFFERENTIAL AND IN- 
TEGRAL CALCULUS AND DIFFERENTIAL EQUATIONS. Crown 8yo., 9s. _ 


AN INTRODUCTION TO THE PRACTICAL USE OF LOGA- 
RITHMS, WITH EXAMPLES IN MENSURATION. With 


[ Answers to 
Exercises. Crown 8vo., 1s. 6d. 


_ WILLIAMSON.—Works by BENJAMIN WILLIAMSON, D.Sc. 
AN ELEMENTARY TREATISE ON THE DIFFERENTIAL 


CALCULUS; containing the Theory of Plane Curves, with numerous Examples. 
Crown 8vo., 10s. 6d. 


AN ELEMENTARY TREATISE ON THE INTEGRAL CALCU- 


LUS; containing Applications to Plane Curves and Surfaces, and also a Chapter on 
the Calculus of Variations, with numerous Examples. Crown 8vo., ros. 6d, 
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; GEOMETRY AND EUCLID. 


* * For other Works, see Longmans & Co.'s Catalogue of Educational and School Books, 


ALLMAN.—GREEK GEOMETRY FROM THALES TO EUCLID. 
By G. J. ALLMAN.  8vo., ros. 6d. 


BARRELI.—ELEMENTARY GEOMETRY. By Frank R. BaRrRELL, 


M.A., B.Sc., Professor of Mathematics, University College, Bristol. 

Section I. Part I., being the subject-matter of Euclid, Book I. Crown 8vo., 15, 

Section I. Part II., containing the subject-matter of Euclid, Book III. 1-34, and Book IV, 
4-9. Crown 8vo., Is. 

Section I. complete. Crown 8vo., 25. 

Section II., containing the remainder of Euclid, Books III. and IV., together with the subject- 
matter of Books II. and VI. With explanation of Ratio and Proportion, Trigono- 
metric Ratios and Measurement of Circles. Crown 8vo., 15. 62. 

Sections I. and II. in one volume. Crown 8vo., 35. 6d. 

Section III., containing the subject-matter of Euclid, Book XI., together with a full treat- 
ment of volume and surface of the cylinder, cone, sphere, etc. Crown 8vo., 1s. 6d. 

Sections I., II. and III. complete in one volume. Crown 8vo., 4s. 6d. 


CASE Y.—Works by JOHN CASEY, LL.D., F.R.S. 


THE ELEMENTS OF EUCLID, BOOKS I.-VI. and Propositions, 
I.-XXI. of Book XI., and an Appendix of the Cylinder, Sphere, Cone, etc. With 
Copious Annotations and numerous Exercises. Fcp. 8vo., 4s. 6d. KEY to Exercises. 
Fep. 8vo., 6s. 


A SEQUEL TO THE ELEMENTS OF EUCLID. Part I. Books 
I.-VI. With numerous Examples. Fcp. 8vo., 35. 6d. 


A TREATISE ON THE ANALYTICAL GEOMETRY OF.THE 
POINT, LINE, CIRCLE AND CONIC SECTIONS. Containing an Account of 
its most recent Extension. Crown 8vo., 125. 


HAMILTON.— ELEMENTS OF QUATERNIONS. By the late 


Sir WILLIAM ROWAN HAMILTON, LL.D., M.R.I.A. Edited by CHARLES JASPER 
Jory, M.A., Fellow of Trinity College, Dublin. 2 vols. 4to. 215. net each, 


ZANGLEY and PHILLIPS.—THE HARPUR EUCLID... With 
upwards of goo Exercises and numerous Appendices on Modern Developments of 
Geometry. By E. M. LANGLEY, M.A., Senior Mathematical Master, the Modern 
School, Bedford, and W. S. PHILLips, M.A., Senior Mathematical Master at Bedford . 
Grammar School. Crown 8vo. 
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LONGMANS’ LIST OF APPARATUS FOR USE IN GEO- 
METRY, ETC. See p. 22. 


LOW—TEXT-BOOK ON PRACTICAL, SOLID, AND DESCRIP- 
TIVE GEOMETRY. By DaAvip ALLAN Low, Professor of Engineering, East London 
Technical College. Crown 8vo. 


Part I. With 114 Figures, 2s. Part II. With 64 Figures, 3s. 
THE DIAGRAM MEASURER. An Instrument for measuring the 


Areas of Irregular Figures and specially useful for determining the Mean Effective 
Pressure from Indicator Diagrams from Steam, Gas and other Engines, Designed by 
D, A. Low. With Full Instructions for Use, 1s, net, ; 
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GEOMETRY AND EUCLID-— Coniinued. 


MORRIS awn HUSBAND.—PRACTICAL PLANE AND SOLID 
' GEOMETRY. By I. HAMMoNnD Morris and JOSEPH HUSBAND. Fully Illustrated 
with Drawings. Crown 8vo., 25, 6d. : 


MORRIS.—GEOMETRICAL DRAWING FOR ART STUDENTS 


Embracing Plane Geometry and its Applications, the Use of Scales, and the Plans and 
Elevations of Solids as required in Section I. of Science Subjects. By I. HAMMOND 
Morris. Crown 8vo., 2s. 


SMITH.—ELEMENTS OF GEOMETRY. By J. HAMBLIN SMITH, 


M.A. Containing Books 1 to 6, and portions of Books 11 and 12, of Euclid, with 
Exercises and Notes. Cr. 8vo., 35.6d¢. Ky, crown 8vo., 85. 6d. 


Books 1 and 2, limp cloth, 1s. 6¢., may be had separately. 
SPOONER.—THE ELEMENTS OF GEOMETRICAL DRAWING: 


an Elementary Text-book on Practical Plane Geometry, including an Introduction to 
Solid Geometry. Written to include the requirements of the Syllabus of the Board of 
Education in Geometrical Drawing and for the use of Students preparing for the Military 
Entrance Examinations. By HENRY J. SPOONER, C.E., M.Inst.M.E. Cr. 8vo., 35. 6d. 


WATSON.—ELEMENTS OF PLANE AND SOLID GEOMETRY. 
By H. W. Watson, M.A. Crown 8vo., 35. 6d. 


WILSON.—GEOMETRICAL DRAWING. For the use of Candidates 


for Army Examinations, and as an Introduction to Mechanical Drawing. By W. N. 
WILson, M.A. Parts I. and II. Crown 8vo., 45. 6d. each. 


WINTER.— ELEMENTARY GEOMETRICAL DRAWING. By 
S. H. WINTER. PartI. Including Practical Plane Geometry, the Construction of Scales, 
the Use of the Sector, the Marquois Scales, and the Protractor. With 3 Plates and- 
tooo Exercises and Examination Papers. Post 8vo., 55. 


OPTICS, PHOTOGRAPHY, ETC. 
ABNEY.—A TREATISE ON PHOTOGRAPHY. By Sir WILLIAM DE 


WIVELESLIE ABNEY, K.C.B., F.R.S., Principal Assistant Secretary of the Secondary 
Department of the Board of Education. With 134 Illustrations. Crown 8vo., 5s. 


DRUDE.—THE THEORY OF OPTICS. By Paut Drunk, Professor 
of Physics at the University of Giessen. Translated from the German by C. RIBORG 
MANN and RoBERT A. MILLIKAN, Assistant Professors of Physics at the University of 
Chicago, With 110 Diagrams. 8vo., 155. net. : 


GLAZEBROOK.—PHYSICAL OPTICS. By R. T. GrazesBrook, 


M.A., F.R.S., Principal of University College, Liverpool. With 183 Woodcuts of 
Apparatus, etc. Crown 8vo., 6s. , 


VANDERPOEL.—COLOR PROBLEMS: a Practical Manual for the 


Lay Student of Color. By EmiLy Noyes VANDERPOEL. With 117 Plates in Color. 


Square 8vo., 21s. net. ‘ 


WRIGHT.—OPTICAL PROJECTION: a Treatise on the Use of the 


Lantern in Exhibition and Scientific Demonstration. By Lewis WRIGHT, Author of 
‘ Light : a Course of Experimental Optics’. With 232 Illustrations, Crown BVO. , 65. 
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TRIGONOMETRY. 


- CASE Y—A TREATISE ON ELEMENTARY TRIGONOMETRY. 
sb By JOHN CAsEy, LL.D., F.R.S., late Fellow of the Royal University of Ireland. With 
a numerous Examples and "Questions for Examination, r12mo., 3s. 


- GOODWIN.—PLANE AND SPHERICAL TRIGONOMETRY. By 


H. B. Goopwin, M.A. In Three Parts, comprising those portions of the subjects, 
theoretical and practical, which are required in the Final Examination for Rank of 


4 : Lieutenant at Greenwich. 8vo., 85. 6d. 
ae —THE BEGINNINGS OF TRIGONOMETRY. By A. 
. CLEMENT JONES, M.A., Ph.D., late Open Scholar and Senior Hulme £xhibitioner 


of Brasenose College, Oxford ; ‘Senior Mathematical Master of Bradford Grammar 
School. Crown 8vo., 25. 


‘MA YO—ELEMENTARY TRIGONOMETRY. By C. H. P. Mayo, 
- M.A., late Scholar of St. Peter’s College, Cambridge; Assistant Master at Harrow 
School. With Examples and Answers. “Crown 8vo., 35. 6d. 


_ SMITH. — ELEMENTARY TRIGONOMETRY. By J. Hams tin 
SMITH, M.A. Crown 8vo., 45. 6d. Key, 75. 6d. 


SOUND, LIGHT, HEAT, AND THERMODYNAMICS. 


~ DEXTER.—ELEMENTARY PRACTICAL SOUND, LIGHT AND 
HEAT. By JOSEPH S. DEXTER, B.Sc. (Lond.), Physics Master, Technical Day 
School, The Polytechnic Institute, Regent Street. With 152 Illustrations. Crown 
8vo., 25. 6d. 


 £LMTAGE.—LIGHT. By W.T. A. Emrace, M.A., Director of Public 


Instruction, Mauritius. With 232 Illustrations. Crown 8vo., 6s. 


HELMHOLTZ.—ON THE SENSATIONS OF TONE AS ‘A 
PHYSIOLOGICAL BASIS FOR THE THEORY OF MUSIC. By HERMANN 
VON HELMHOLTZ. Royal 8vo., 285. 


 MAXWELL.—THEORY OF HEAT. By J. Clerk Maxwett, M.A., 
F.R.SS., L. and E. With Corrections and Additions by Lord RAYLEIGH. With 38 
Illustrations. Crown 8vo., 45. 6d. 


PLANCK.—TREATISE ON THERMODYNAMICS. By Dr. Max 


PLANCK, Professor of Theoretical Physics in the University of Berlin. Translated, 

with the Author’s sanction, by ALEXANDER OGG, M.A., B.Sc., Ph.D., late 1851 Ex- 
E- hibition Scholar, Aberdeen University; Assistant Master, Royal Naval Engineering 
College, Devonport. 8vo., 75. 6d. net. 


SMITH.—THE STUDY OF HEAT. By J. Hamsuin Smitu, M.A., 


of Gonville and Caius College, Cambridge. Crown 8vo., 35. 
> TYNDALL.—Works by JOHN TYNDALL, D.C.L., F.R.S. See p. 41. 
WORMELL.—A CLASS-BOOK OF THERMODYNAMICS. By 
RICHARD WORMELL, B.Sc., M.A. Fep. 8vo., 15. 6d. 
WRIGHT. Works by MARK R. WRIGHT, M.A. 
SOUND, LIGHT, AND HEAT. With 160 Diagrams and _Illus- 


trations. Crown 8vo., 25. 6d. 


ADVANCED HEAT. With 136 Diagrams and numerous Examples 


. and Examination Papers. Crown 8vo., qs. 6d. 
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ARCHITECTURE, BUILDING CONSTRUCTION, ETC. 
ADVANCED BUILDING CONSTRUCTION. By the Author ot 


‘Rivingtons’ Notes on Building Construction’, With 385 Illustrations. | Crown 8vo., 
45. 6d. 


BENN.—STYLE IN FURNITURE. By R. Davis Benn. With 


ro2 Plates by W. C. BALDOCK. 8vo., 215. net. 


BOOKER. — ELEMENTARY PRACTICAL BUILDING CON- 
STRUCTION. StagelI. By F, W. Booker. With 727 Illustrations. Crown 8vo., 
2s. 6d. 


BURRELL. — BUILDING CONSTRUCTION. By Epwarp J. 
BURRELL, Second Master of the People’s Palace Technical School, London. With 
303 Working Drawings. Crown 8vo., 25, 6d. | 


GWILT—AN ENCYCLOPAEDIA OF ARCHITECTURE. By 
JosEPH GwILT, F.S.A. Revised (1888), with Alterations and Considerable Additions 
by WYATT PAPWORTH. With 1700 Engravings. 8vo., 215. net. 


HAMLIN.—A TEXT-BOOK OF THE HISTORY OF ARCHITEC- 
TURE. By A. D, F. HAMLIN, A.M. With 229 Illustrations. Crown 8vo,, 75. 6d. 


PARKER ann UNWIN.—THE ART OF BUILDING A HOME: 
A Collection of Lectures and Illustrations. By BARRY PARKER and RAYMOND 
UNWIN. With 68 Full-page Plates. 8vo., ros. 6d. net. 


RICHARDS.—BRICKLAYING AND BRICKCUTTING. By H. W.- 
RICHARDS, Examiner in Brickwork and Masonry to the City and Guilds of London 
Institute, Head of Building Trades Department, Northern Polytechnic Institute, 
London, N. With over 200 Illustrations. 8vo., 35. 6d. 


ROWE.—THE LIGHTING OF SCHOOLROOMS: a Manual for 


School Boards, Architects, Superintendents and Teachers. By STUART H. ROWE, 
Ph.D. With 32 Illustrations. Crown 8vo., 3s. 6d. net. 


SEDDON.—BUILDER’S WORK AND THE BUILDING TRADES. 


By Col. H. C. SEDDON, R.E. With numerous Illustrations. Medium 8vo., 16s, 


THOMAS.—THE VENTILATION, HEATING AND MANAGE- 
MENT OF CHURCHES AND PUBLIC BUILDINGS. By J. W. TuHomas, 
F.1.C., F.C.S. With 25 Illustrations. Crown 8vo., 25. 6d. ; 


VALDER.—BOOK OF TABLES, giving the Cubic Contents of from 
One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually imported or 
used in the Building Trades, together with an Appendix showing a large number of 
sizes, the Contents of which may be found by referring to the aforesaid Tables. By 
THOMAS VALDER. Oblong 4to., 6s. net. 


RIVINGTONS’ COURSE OF BUILDING CONSTRUCTION. 


NOTES ON BUILDING CONSTRUCTION. Medium 8ve. 
Part I. With 695 Illustrations, ros. 6d. net. 
Part II. With 496 Illustrations, ros. 6d. net. 
Part III. Materials. With 188 Illustrations, 18s. net. 
Part IV. Calculations for Building Structures. With 551 [Illustra- 


tions, 135. net. 


BALE. —A HAND.- BOOK FOR STEAM USERS; being Rules for 


_ Engine Drivers and Boiler Attendants, with Notes on Stearns Engine and Boiler 
- Management and Steam Boiler Explosions. By M. Powis BALE, M.I.M.E., 
M.Inst.C.E. Fep. 8vo., 25. 6d. 


. 
4 
‘4 
~CLERK.—THE GAS AND OIL ENGINE. By Dvucatp C ierk, 
yy Member of the Institution of Civil Engineers, Fellow of the Chemical Society, Member 
iz of the Royal Institution, Fellow of the Institute of Patent Agents, With 228 Illus- 
= trations. 8vo., 5s. 

. 


/DIPLOCK. —A NEW SYSTEM OF HEAVY GOODS TRANSPORT 
ON COMMON ROADS. By BRAMAH JOSEPH DIPLOCK. With 27 Illustrations and 
Diagrams. Medium 8vo., 6s. 6d. net. 


_FLETCHER.—ENGLISH AND AMERICAN STEAM CARRIAGES 
as AND TRACTION ENGINES. By WILLIAM FLETCHER, M.Inst.Mech.E. With 
a * 250 Illustrations. 8vo., 155. net. 


HOLMES. —THE STEAM ENGINE. By GeorcE C. V. Ho.Lmss, 
_C.B., Chairman of the Board of Works, Dublin. With 272 Illustrations. Crown 8vo., 65. 


a 


LO W.—THE DIAGRAM MEASURER. An Instrument for measur- 


ing the Areas of Irregular Figures and specially useful for determining the Mean Effective 
_ Pressure from Indicator Diagrams from Steam, Gas and other Engines. Designed by 


a D. A. Low, Professor of Engineering, East London Technical College, London. Wiih 
ey Full Instructions for Use. 1s. net. 

=~ 

PMETCALFE. — ELEMENTARY STEAM ENGINEERING. By 
at H. W. METCALFE, Engineer Commander, R.N. With 144 Illustrations. 8vo., 7s. 6d. net. 


= 


NEILSON.—THE STEAM TURBINE. By Rosertr M. NEILSon, 


Associate Member of the Institute of Mechanical Engineers, etc. With 28 Plates 
and 2712 Illustrations in the Text. 8vo., ros. 6d. net. 
NORRIS —A PRACTICAL, LREATISE ON THE2ZOLTOY. CYCLE 
* GAS ENGINE. By WILuiAm Norris,’ M.1I.Mech.E. With 207 Illustrations, 8vo.. 
a. * ios. 6d. 


“PARSONS.—STEAM BOILERS: THEIR THEORY AND DESIGN. 


wee By H. pe B. Parsons, B.S., M.E., Consulting Engineer; Member of the American 
oo Society of Mechanical Engineers, American Society of Civil Engineers, etc. ; Professor 

of Steam Engineering, Rensselaer Polytechnic Institute. With 170 Illustrations. 8vo., 
ES Ios. 6d. net. 


-RIPPER.—Works by WILLIAM RIPPER, Professor of Engineering in 
=. _ the University College of Sheffield. 


STEAM. With 185 Illustrations. Crown 8vo., 25. 6d. 
_ STEAM ENGINE THEORY AND PRACTICE. With 441 Illus- 


trations. 8vo., 95. 
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STEAM, OIL, AND GAS ENGINES, AND MOTORS— Continued. 


SENNETT ann ORAM.—THE MARINE STEAM ENGINE: A 
Treatise for Engineering Students, Young Engineers and Officers of the Royal Navy 
and Mercantile Marine. By the late RICHARD SENNETT, Engineer-in-Chief of the 
Navy, etc.; and HENRY J. ORAM, Deputy Engineer-in-Chief at the Admiralty, | 
Engineer Rear Admiral in H.M. Fleet, etc. With 414 Diagrams. 8vo., 215. 


STROME VER.—MARINE BOILER MANAGEMENT AND CON- 
STRUCTION. Being a Treatise on Boiler Troubles and Repairs, Corrosion, 
Fuels, and Heat, on the properties of Iron and Steel, on Boiler Mechanics, Work- 
shop Practices, and Boiler Design. By C. E. STROMEYER, Chief Engineer of the 
Manchester Steam Users’ Association, Member of Council of the Institution of Naval 
Architects, etc. With 452 Diagrams, etc. 8vo., 12s. net. 


WHITE.—PETROL MOTORS AND MOTOR CARS: A Hand- 


book for Engineers, Designers and Draughtsmen. By T, HYLER WHITE, A.M.I.M.E. 
With 44 Illustrations. Crown 8vo., 4s. 6d. net. ‘ 


ELECTRICITY AND MAGNETISM. 


ARRHENIUS.—A TEXT-BOOK OF ELECTROCHEMISTRY. By 
SVANTE ARRHENUIS, Professor at the University of Stockholm. Translated from the 
German Edition by JoHN McCRAkgE, Ph.D. With 58 Illustrations. 8vo., gs. 6d. net. 


CAR US-WILSON.—ELECTRO-DYNAMICS : the Direct-Current 
Motor. By CHARLES ASHLEY CARUS-WILSON, M.A. Cantab. With 71 Diagrams, 
and a Series of Problems, with Answers. Crown 8vo., 7s. 6d. 


CUM MING.—ELECTRICITY TREATED EXPERIMENTALLY. 
By LINN2&uS CuMMING, M.A. With 242 Illustrations. Cr. 8vo., 45. 6d. 


GORE.—THE ART OF ELECTRO-METALLURGY, including all 


known Processes of Electro-Deposition. By G. GorE, LL.D., F.R.S. With 56 Illus- 
trations. Crown 8vo., 6s, 2 


HENDERSON.—Works by JOHN HENDERSON, D.Sc., F.R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM.‘ With 157 


Illustrations and Diagrams. Crown 8vo., 7s. 6d. 


PRELIMINARY PRACTICAL MAGNETISM AND ELEC- 
TRICITY. Crown 8vo., 1s. 


AIBBERT.—MAGNETISM AND ITS ELEMENTARY MEASURE- 
MENT. By W. Hissert, F.I.C,, A.M.I.E.E. With 55 Diagrams. Crown 8vo., 25. 


JENKIN. — ELECTRICITY AND MAGNETISM. By FLEEMING 
JENKIN, F.R.S., M.L.C.E. With 177 Illustrations. Crown 8vo., 3s. 6d. 
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ELECTRICITY AND MAGNETISM—Con?inued. 


JOUBERT.—ELEMENTARY TREATISE ON ELECTRICITY AND 

| * MAGNETISM. By G. Carey Foster, F.R.S.; and ALFRED W. PorTER, B.Sc. 
Founded on JOUBERT’S ‘Traité Elémentaire d’Electricité’, With 374 Illustrations 
and Diagrams. 8vo., ros. 6d. net. 


_SJOYCE.—EXAMPLES IN ELECTRICAL ENGINEERING. By - 


SAMUEL Joyce, A.I.E.E. Crown 8vo., 55. 


LARDEN—ELECTRICITY FOR PUBLIC SCHOOLS AND 
COLLEGES. By W. LARDEN, M.A. With 215 Illustrations, and a Series of 
Examination Questions ; with Answers. Crown 8vo., 6s. 


MERRIFIELD.— MAGNETISM AND DEVIATION OF THE 
COMPASS. By JOHN MERRIFIELD, LL.D., F.R.A.S., 18mo., 25. 6d. 


PARR.—PRACTICAL ELECTRICAL TESTING IN PHYSICS AND 
ELECTRICAL ENGINEERING. By G. D. AsPINALL PARR, Assoc. M.I.E.E. 
With 231 Illustrations. 8vo., 8s. 6d. 


PO VSER.—Works by A. W. POYSER, M.A. 
MAGNETISM AND ELECTRICITY. With 235 [Illustrations. 


Crown 8vo., 2s. 6d. 


ADVANCED ELECTRICITY AND MAGNETISM. With 317 


Illustrations. Crown 8vo., 45. 6d. 


| RHODES.—AN ELEMENTARY TREATISE ON ALTERNATING 
CURRENTS. By W. G. RHODES, M.Sc. (Vict.), Consulting Engineer. With 
80 Diagrams. 8vo., 75. 6d. net. 


SZLINGO awn BROOKER.—Works by W. SLINGO and A. 
BROOKER. 


ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 
ARTISANS AND STUDENTS. With 383 Illustrations. Crown 8vo., ras. 


PROBLEMS AND SOLUTIONS IN ELEMENTARY ELEC- 
TRICITY AND MAGNETISM. With 98 Illustrations. Cr. 8vo., 2s. 


~TYNDALL.—Works by JOHN TYNDALL, D.C.L., F.R.S. See p. 41. 


TELEGRAPHY AND THE TELEPHONE. 
-HOPKINS.—TELEPHONE LINES AND THEIR PROPERTIES. 


By Wi1L.1AM J. Hopxins, Professor of Physics in the Drexel Institute, Philadelphia. 
Crown 8vo., 6s. 


PREECE anp SIVEWRIGHT.—TELEGRAPHY. By Sir W. 
H. Preece, K.C.B., F.R.S., V.P.Inst., C.E., etc., Consulting Engineer and 
Electrician, Post Office Telegraphs; and Sir J. SIVEWRIGHT, K.C.M.G. With 234 
Illustrations. Crown 8vo., 75. 6d. 
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ENGINEERING, STRENGTH OF MATERIALS, ETC: 4 


ANDERSON.—THE STRENGTH OF MATERIALS AND STRUC-- 
TURES: the Strength of Materials as depending on their Quality and as ascertained 
by Testing Apparatus. By Sir J. ANDERSON, C.E., LL.D., F.R.S.E. With 66 Illus- 
trations. Crown 8vo., 35. 6d. 


BARRY.—RAILWAY APPLIANCES: a Description of Details of 
Railway Construction subsequent to the completion of the Earthworks and Structures. 
By Sir JoHN WoLFE Barry, K.C.B., F.R.S., M.1.C.E. With 218 Illustrations. 
Crown 8vo., 45. 6d. 


DIPLOCK.—A NEW SYSTEM OF HEAVY GOODS TRANSPORT 
ON COMMON ROADS. By BRAHAM JOSEPH DIPLOCK. With 27 Illustrations, 
8vo., 65. 6d. net. : 


GOODMAN.—MECHANICS APPLIED TO ENGINEERING. By 
JoHN GOODMAN, Wh.Sch., M.I.C.E., M.1I.M.E., Professor of Engineering in the 
University of Leeds. With 714 Illustrations and numerous Examples. Crown 8vo., 
gs. net. 


GREGORY hk SHORE EN ERODUCTION Oars, THEORY 
OF ELECTROLYTIC DISSOCIATION. By J. C. GREGORY, B.Sc. (Lond.)_ 
A.I.C. Crown 8vo., 15, 6d. q 


“LOW.—A POCKET-BOOK FOR MECHANICAL ENGINEERS. 


By DAvip ALLAN Low (Whitworth Scholar), M.I.Mech.E., Professor of Engineering, 
East London Technical College (People’s Palace), London. With over tooo specially - 
prepared Illustrations. Fep. 8vo., gilt edges, rounded corners, 7s. 6d. 


MORLE Y.— MECHANICS FOR ENGINEERS: a Text-Book_ of 
Intermediate Standard. By ARTHUR MoRLey, M.Sc., University Scholar (Vict.);~ 
Senior Lecturer in University College, Nottingham. With 200 Diagrams and — 
numerous Examples. Crown 8vo., 4s. net. 

PARKINSON. —LIGHT RAILWAY CONSTRUCTION. By 
RICHARD MARION PARKINSON, Assoc.M.Inst.C.E. With 85 Diagrams. 8vo., 
Ios, 6d, net. = 


SMITH.—GRAPHICS, or the Art of Calculation by Drawing Lines, 
applied éspecially to Mechanical Engineering. By ROBERT H. SMITH, formerly 
Professor of Engineering, Mason College, Birmingham. Part I, With os 
Atlas of 29 Plates containing 97 Diagrams. 8vo., 155. 


STONE Y.—THE THEORY OF STRESSES IN GIRDERS AND | 
SIMILAR STRUCTURES; with Practical Observations on the Strength and other 
Properties of Materials. By BINDON B. STONEY, LL.D., F.R.S., M.I.C.E. With | 
5 Plates and 143 Illust. in the Text. Royal 8vo., 36s. : 


UNWIN.—THE TESTING OF MATERIALS OF CONSTRUCTION. 
A Text-book for the Engineering Laboratory and a Collection of the Results of 
Experiment. By W. CAWTHORNE UNWIN, F.R.S., B.Sc. With 5 Plates and’ 188 
Illustrations and Diagrams. 8vo., 16s. net. 4 


WARREN.—ENGINEERING CONSTRUCTION IN IRON, STEEL, | 
AND TIMBER. By WILLIAM HENRY WARREN, Challis Professor of Civil ands | 
Mechanical Engineering, University of Sydney. With 13 Folding Plates and 375 
Diagrams. Royal 8vo., 16s. net, =z 

WHEELER.— THE SEA COAST: Destruction, Littoral - Drift, 
Protection. By W. H. WHEELER, Milnst. C.E. With 38 Illustrations and Diagiant 


Medium 8vo., ros. 6d. net. 
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LONGMANS’ CIVIL ENGINEERING SERIES. 


_ CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION. 


By LEVESON FRANCIS VERNON-HARCOURT, M.A., M.Inst.C.E. With 368 Illus- 
trations. Medium 8vo., net. 145. 

Contents.—Materials, Preliminary Works, Foundations and Roads—Railway Bridge and Tunnel 
Engineering — River and Canal Engineering— Irrigation Works— Dock Works and Maritime En- 
gineering—Sanitary Engineering. 

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C. 


CoLson, C.B., M.Inst.C.E. With 365 Illustrations. Medium 8vo., ars. net. 
CALCULATIONS IN HYDRAULIC ENGINEERING: a Practical 


Text-Book for the use of Students, Draughtsmen and Engineers. By T. CLAXTON 
FIDLER, M.Inst.C.E. 


Part I. Fluid Pressure and the Calculation of its Effects in Engineering 
Structures. With numerous Illustns. and Examples. 8vo., 6s. 6d. net. 

Part II. Calculations in Hydro-Kinetics. With numerous Illustration 
and Examples. 8vo., 75. 6d. net. 

Rete wAY CONSTRUCTION... By. W... H..,-Mitis, M.LCE; 
Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illustrations 
and Diagrams. 8vo., 185, net. 

PRINCIPLES AND PRACTICE OF HARBOUR CONSTRUCTION. 
By WILLIAM SHIELD, F.R.S.E., M.Inst.C.E. With g7 Illustrations, Medium 8vo., 
Iss. net. 

‘TIDAL RIVERS: their (1) Hydraulics, (2) Improvement, (3) Navigation. 
By W. H. WHEELER, M.Inst.C.E. With 75 Illustrations. Medium 8vo., 16s. net. 


NAVAL ARCHITECTURE. 
ATTWOOD.—Works by EDWARD L. ATTWOOD, M.Inst.N.A., 
Member of the Royal Corps of Naval Construction. 


WAR SHIPS: A_ Text-book on the Construction, Protection, 


Stability, Turning, etc., of War Vessels. With numerous Diagrams. Medium 
8vo., Ios. 6d. net. 


TEXT-BOOK OF THEORETICAL NAVAL ARCHITECTURE: 


a Manual for Students of Science Classes and Draughtsmen Engaged in Shipbuilders’ 
and Naval Architects’ Drawing Offices. With 114 Diagrams. Crown 8vo., 75. 6d. 


HOLMS.— PRACTICAL SHIPBUILDING: a Treatise on the 


Structural Design and Building of Modern Steel Vessels, the work of construction, 
from the making of the raw material to the equipped vessel, including subsequent 
up-keep and repairs. By A. CAMPBELL HOLMs, Member of the Institution of Naval 
Architects, etc. In 2 vols. (Vol. I., Text, medium 8vo,.; Vol. II., Diagrams and 
Illustrations, oblong 4to.), 485. net. 


LOVETT—A COMPLETE CLASS-BOOK OF NAVAL ARCHI- 
TECTURE (Practical, Laying-off, Theoretical) By W. J. Lovett, Lecturer on 
Naval Architecture at the Belfast Municipal Technical Institute. With 173 Illustrations 
and almost 200 fully worked-out Answers to recent Board of Education Examination 
Questions. (With 26 pages of ruled paper, at end for Notes and References). 8vo., 
7s. 6d. net. 


WATSON.—NAVAL ARCHITECTURE: A Manual of Laying-off 
Iron, Steel and Composite Vessels. By THomAs H. Watson, Lecturer on Naval 
Architecture at the Durham College of Science, Newcastle-upon-Tyne. With numerous 
Illustrations. Royal 8vo., 155. net. 
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WORKSHOP APPLIANCES, ETC. 


'NORTHCOTT—LATHES AND TURNING, Simple, Mechanical 
and Ornamental. By W. H. NORTHCOTT. With 338 Illustrations. 8vo., 185. 


PARR—MACHINE TOOLS AND WORKSHOP PRACTICE FOR 
ENGINEERING STUDENTS AND APPRENTICES. By ALFRED PARR, 
Instructor in Fitting and Machine Shop and Forge, University College, Nottingham. — 
With an Introduction by WILLIAM RoBINSON, M.E., M.Inst.C.E. With 462 
Illustrations. 8vo., ros. 6d. 


SHELLE Y—WORKSHOP APPLIANCES, including Descriptions 
of some of the Gauging and Measuring Instruments, Hand-cutting Tools, Lathes, _ 
Drilling, Planeing, and other Machine Tools used by Engineers. By C. P. B. SHELLEY, 
M.I1.C.E. With an additional Chapter on Milling by R. R. LisTER. With 323 IIlus- 
trations. Crown 8vo., 55. 


MACHINE DRAWING AND DESIGN. 


DUNKERLE V.—MECHANISM. By S. DUNKERLEY, M.Sc, 
Assoc. M.Inst.C. E., M.Inst.C.E., Professor of Applied Mechanics in the Royal Naval 
College, Greenwich. With 416 Diagrams. 8vo., gs. net. 


LONGMANS’ IMPROVED DRAWING APPLIANCES. Designed 
by DAvip ALLAN Low, M.I.Mech.E. 


Adjustable Protractor Set Square, 25. 6d.| Set Squares, Design A, No. 4, 45°, height 


net. 12 in., 4s. 6d. net. 
Cardboard Scales, in stiff cloth case, per — —————B, No. 1, 60°, height 
set, 6d. net. 6 in., Is. net. 
New Drawing Scales, sets of 1, 2, 3, nine — 45°, height 
inches long, in paper case, Is. net; in 4 in., Is. net. 
cloth case, 15. 3d. net. — —2, 60°, height 
— twelve | 8h in., rs. 3a. net. 
inches long, in paper case, 15. 6d. net; | - - 45°, height 
in cloth case, Is. gd. net. 6in., 1s. 3d. nét. 
— No. 1, twelve- —3, 60°, height 
inch scale, sold separately, 6d. net. 12 in., 25, net. 
Protractor No. 2, three-inch radius divided — 45°, height 
into degrees, 6d. net. 84 in., 25. net. 
——_———_——— 3, four-inch radius divided} — 4, 60°, height 
into half degrees, 9d. net. 17 in., 45. 6d. net. ; 
Vector Set Square, No. 1, 1s. gd. net. | —— --—— 45°, height 
Set Squares, Design A, No. 1, 60°, height 12 in., 45. 6d. net. : 
6 in., 15. net. T Squares, Design A, No. 1, 20 in. long, 
———49°, height 35. 6d. net. 
4in., 1s. net. — a 2, 26 in. long, 
; 2, 60°, height 5s. net. 
8% in., 1s. 3d. net. 3, 33 in. long, 
; 45°, height 6s. 6d. net. 
6in., ts. 3d met. B, No. 1, 20 in. long, 
3, 60°, height | 35. 6d. net. i 
12 in., 2s. net. — -2, 26 in. long, 
- -—- 45°, height 5s. net. 
83 in., 25. net. — . —3, 33 in. long, 
— -- 4, 60°, height 6s. 6d. net. 


17 in., 45. 6d, net. { 
*,* A Detailed and Illustrated Prospectus will be sent on application. 
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MACHINE DRAWING AND DESIGN—Conztinued. 


LONGMANS’ ENGLISH AND METRIC RULE, marked on one edge 


in inches, etc., and on other edge in centimetres, rd. net. 


LONGMANS’ BLACKBOARD ENGLISH AND METRIC RULE. 


One Metre; marked in decimetres, centimetres, inches, half-inches and quarter-inches. 
25. 6d. 


LOW anv BEVIS.—A MANUAL OF MACHINE DRAWING AND 
DESIGN. Davip ALLAN Low and ALFRED WILLIAM BEVIS. With over 700 
Illustrations. 8vo., 75. 6d. 


_ LOW.—Works by DAVID ALLAN LOW. 


AN INTRODUCTION TO MACHINE DRAWING AND DESIGN. 


With 153 Illustrations and Diagrams. Crown 8vo., 25. 6d. 


A POCKET-BOOK FOR MECHANICAL ENGINEERS.  Fep. 
8vo., 75. 6d. 


THE DIAGRAM MEASURER. An Instrument for Measuring the 
Areas of Irregular Figures, and specially useful for determining the Mean Effective 
Pressure from Indicator Diagrams from Steam, Gas and other Engines. With full 
instructions. Is. net. 


_ UNWIN.—THE ELEMENTS OF MACHINE DESIGN. By W. 


CAWTHORNE UNWIN, F.R.S. 
Part I. General Principles, Fastenings, and Transmissive Machinery. 
With 345 Diagrams, etc. Crown 8vo., 75. 6d. 


Part II. Chiefly on Engine Details. Witk 259 Diagrams, etc. Crown 
8vo., 6s. 


MINERALOGY, MINING, METALLURGY, ETC. 


BAUERMAN.—Works by HILARY BAUERMAN, F.G.S. 
SYSTEMATIC MINERALOGY. With 373 Illustrations. Crown 
8vo., 6s. 


DESCRIPTIVE MINERALOGY. With 236 Illustrations. Crown 


8vo., 65. 


_ BREARLEY anp IBBOTSON. — THE ANALYSIS OF STEEL- 


WORKS MATERIALS. By HArRy BREARLEY and FRED IBBOTSON, B.Sc. (Lond.), 
Demonstrator of Micrographic Analysis, University College, Sheffield. With 85 Illus- 
trations. 8vo., 145, net. 


GORE.—THE ART OF ELECTRO-METALLURGY. By G. Gore, 
LL.D., F.R.S. With 56 Illustrations. Crown 8vo., 65. 


HOSKOLD.—ENGINEER’S VALUING ASSISTANT: being a prac- 


tical Treatise on the Valuation of Collieries and Other Mines, etc. By H. D. HoskoLp. 
With an Introductory Note by the late PETER GRAY. 8vo., 75. 6d. net. 


HUNTINGTON anv M‘MILLAN.—METALS: their Properties and 


Treatment. By A. K. HuNTINGTON, Professor of Metallurgy in King’s College, 
London, and W. G. M‘MILLAN, late Lecturer on Metallurgy in Mason’s Coes 
Birmingham, With 122 Illustrations. Crown 8vo., 75. 6d. 
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MINERALOGY, MINING, METALLURGY, ETC.—Coniinued. 3 
LUPTON. — Works by ARNOLD LUPTON, M.I.C.E., F.G.S., etc. - 
MINING. An Elementary Treatise on the Getting of Minerals. With - 


a Geological Map of the British Isles, and 596 Diagrams and Illustrations. Crown 
8vo., gs. net. 


2 PRACTICAL TREATISE ON MINE SURVEYING. With | 


209 Illustrations. 8vo., 125. net. 


MACFARLANE.—ULABORATORY NOTES ON - PRACTICAL” 
METALLURGY: being a Graduated Series of Exercises. Arranged by WALTER. 

MACFARLANE, F.I.C. Crown 8vo., 25. 6d. 

MELLOR.—THE CRYSTALLISATION OF IRON AND STEEL: | 
an Introduction to the Study of Metallography. ByJ.W.MELLoR, D.Sc. Crown 8yo., 
5s. net. 

RHEAD.—METALLURGY. By E. L. Rueap, Lecturer on Metal-— 
lurgy at the Municipal Technical School, Manchester. With 94 Illustrations. Fep. 
8vo., 35. 6d, 

RHEAD awn SEXTON—ASSAYING AND METALLURGICAL 
ANALYSIS for the use of Students, Chemists and Assayers. By E. L, RHEAD, Lecturer 
on Metallurgy, Municipal School of Technology, Manchester; and A. HUMBOLDT 
SExTON, F.I.C., F.C.S., Professor of Metallurgy, Glasgow and West of Scotland 
Technical College. 8vo., ros, 6d. net. : 

RUTLE Y.—THE STUDY OF ROCKS: an Elementary Text-book of — 


Petrology. cae! F. RuTLEY, F.G.S. With 6 Plates and 88 other Illustrations. Crown 
8vo., 45. 


ASTRONOMY, NAVIGATION, ETC. 
ABBOTT. —ELEMENTARY THEORY OF THE TIDES: the 


the Fundamental Theorems Demonstrated without Mathematics and the Influence on 
the Length of the Day Discussed. By T. K. ABpoTt, B.D., Fellow and Tutor, Tes 
College, Dublin. Crown 8vo., 2s. 
BALL.—Works by Sir ROBERT S. BALL, LL.D., F.R.S. 
ELEMENTS OF ASTRONOMY. With 130 Figures and Diagrams. 
Crown 8vo., 6s. 6d. 
A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. Fep. © 
8vo., 15. 6d. : 


GILL.—TEXT-BOOK ON NAVIGATION AND NAUTICAL AS- 
TRONOMY. By J. GILL, F.R.A.S. New Edition Augmented and Re-arranged yd | 
W. V. MERRIFIELD, B.A. With 195 Diagrams, and an Appendix containing extracts — 
from Tide Tables and the Nautical Almanac for the solution of all Problems in ge 
book. Medium 8vo., ros. 6d. net. : 

HERSCHEL.—OUTLINES OF ASTRONOMY. By Sir Joun F. Ww. 
HERSCHEL, Bart., K.H., etc. With 9 Platesand numerous Diagrams. 8vo., 125, 

LA UGHTON.—AN INTRODUCTION TO THE PRACTICA 
AND THEORETICAL STUDY OF NAUTICAL SURVEYING. By JoHN Knox | 
LAUGHTON, M.A,, F.R.A.S, With 35 Diagrams. Crown 8vo., 6s. 

MARTIN. — NAVIGATION AND NAUTICAL ASTRONOMY. 
Compiled by Staff Commander W. R. MARTIN, R.N. Royal 8vo., 18s. 

MERRIFIELD.—A TREATISE ON NAVIGATION. For the Use 


of Students. By J. MERRIFIELD, LL.D., F.R.A.S., F.M.S. With Charts and | 
_ Diagrams, Crown 8vo., 595. 
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9 | ASTRONOMY, NAVIGATION, ETC.~—Continued. 
PARKER. —ELEMENTS OF ASTRONOMY. With Numerous Ex- 


amples and Examination Papers. By GEORGE W. PARKER, M.A., of Trinity College, 
Dublin. With 84 Diagrams. 8vo., 55. 6d. net. 


WEBB—CELESTIAL OBJECTS FOR COMMON TELESCOPES. 
By the Rey. T. W. Wess, M.A., F.R.A.S. Fifth Edition, Revised and greatly 
Enlarged by the Rev. T. E. ESPIN, M. A:; F.R.A.S. (Two Volumes.) Vol. I., with 
Portrait and a Reminiscence of the Author, 2 Plates, and numerous Illustrations. 
Crown 8vo., 6s. Vol. II., with numerous Illustrations. Crown 8vo., 6s. 6d. 


NATURAL HISTORY AND GENERAL SCIENCE. 


_FURNEA UX.—Works by WILLIAM FURNEAUX, F.R.GSS. 


S 


THE OUTDOOR WORLD; or, The Young Collector’s Handbook, 
With 18 Plates, 16 of which are coloured, and 549 Illustrations in the Text. Crown 
8vo., 6s. net, 


LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 


and 331 Illustrations in the Text. Crown 8vo., 6s. net. 


BUTTERFLIES AND MOTHS (British). With 12 Coloured Plates 


and 241 Illustrations in the Text. Crown 8vo., 6s. net. 


THE SEA SHORE. With 8 Coloured Plates and 300 Illustrations in 
the Text. Crown 8vo., 6s. net. 


-HUDSON.—Works by W. H. HUDSON, C.M.ZS. 


BRITISH BIRDS. With 8 Coloured Plates from Original Drawings. 
by A. THORBURN, and 8 Plates and 100 Figures by C, E. LODGE, and 3 Illustrations 
from Photographs. Crown 8vo., 6s. net. 


BIRDS AND MAN... Large Crown 8vo., 6s. net. 


MILLAIS.—Works by JOHN GUILLE MILLAIS, F.Z.S. 


THE NATURAL HISTORY OF THE BRITISH SURFACE- 


os FEEDING DUCKS. With 6 Photogravures and 66 Plates (41 in colours) from 


Drawings by the AUTHOR, ARCHIBALD THORBURN, and from Photographs. Royal 
4to., £6 6s. net. 
THE MAMMALS OF GREAT BRITAIN AND IRELAND. 3. 
vols. Quarto (13 in. by 12 in.), cloth, gilt edges. 
Volume I. With 18 Photogravures by the AUTHOR; 31 Coloured Plates by the AUTHOR, 
ARCHIBALD THORBURN and G. E. LODGE; and 63 Uncoloured Plates by the AUTHOR: 


and from Photographs. £6 6s. net. 
* * Only 1,025 copies printed for England and America, 


NANSEN.—THE NORWEGIAN NORTH POLAR EXPEDITION, 
1893-1896 : Scientific Results, Edited by FRIDTJOF NANSEN. 
Volume I. With 44 Plates and numerous Illustrations in the Text. Demy 4to., 4os, net. 
Volume IJ. With 2 Charts and 17 Plates. Demy 4to., 305. net. 
Volume III. With 33 Plates. Demy 4to., 325. net. 
Volume IV. With 33 Plates. Demy 4to., 215. net. 
Volume V. (lz Preparation.) 
Volume VI. Meteorology. By H. MoHN. With 20 Plates. 4to., 36s, net. 


STANLE Y.—A FAMILIAR HISTORY OF BIRDS. By E. STANLEy, 
STANLEY, D.D., formerly Bishop of Norwich. With 160 Illustrations, Cr. 8vo., 35. 6d. 
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WORKS BY RICHARD A. PROCTOR. y 


THE MOON: Her Motions, Aspect, Scenery, and Physical Condition. 
With many Plates and Charts, Wood Engravings, and 2 Lunar Photographs. Crown 
8vo., 35. 6d. | 


OTHER WORLDS THAN OURS: the Plurality of Worlds Studied 
Under the Light of Recent Scientific Researches. With 14 Illustrations; Map, Charts, | 
etc. Crown 8vo., 35. 6d. | 

OUR PLACE AMONG INFINITIES: a Series of Essays contrasting 


our Little Abode in Space and Time with the Infinities around us. Crown 8vo., 35. 6d. 


MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 35. 6d. 
LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays on 


Scientific Subjects, Natural Phenomena, etc. Crown 8vo., 35. 6d. 
THE ORBS AROUND US; Essays on the Moon and Planets, 
Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8vo., 3s. 6d. 


THE EXPANSE OF HEAVEN: Essays on the Wonders of the 


Firmament. Crown 8yo., 3s. 6d. 


OTHER SUNS THAN OURS: a Series of Essays on Suns—Old, 
Young, and Dead. With other Science Gleanings. Two Essays on Whist, and Corre- 
spondence with Sir John Herschel. With 9 Star-Maps and Diagrams. Crown 8vo., 
35. 6d. 

HALF-HOURS WITH THE TELESCOPE: a Popular Guide to the 
Use of the Telescope as a means of Amusement and Instruction. With 7 Plates. Fep. - 
8vo., 25. 6d. 

NEW STAR ATLAS FOR THE LIBRARY, the School, and the 
Observatory, in Twelve Circular Maps (with Two Index-Plates). With an Introduction 
on the Study of the Stars, Illustrated by 9 Diagrams. Crown 8vo., 55. 

THE SOUTHERN SKIES: a Plain and Easy Guide to the Con- 


stellations of the Southern Hemisphere. Showing in 12 Maps the position of the 
principal Star-Groups night after night throughout the year. With an Introduction 
and a separate Explanation of each Map. True for every Year. 4to., 55. 


HALF-HOURS WITH THE STARS: a Plain and Easy Guide to the 


Knowledge of the Constellations. Showing in 12 Maps the position of the principal — 
Star-Groups night after night throughout the year. With Introduction and a separate - 
Explanation of each Map. True for every Year. 4to., 35. net. 


LARGER ‘STAR ATLAS FOR OBSERVERS AND STUDENTS. — 


In Twelve Circular Maps, showing 6000 Stars, 1500 Double Stars, Nebulze, ete With 
2 Index-Plates. Folio, 15s. 


THE STARS IN THEIR SEASONS: an Easy Guide to a Knowledge 
of the Star-Groups. In 12 Large Maps. Imperial 8vo., 5s. 


ROUGH WAYS MADE SMOOTH. Familiar Essays on Scientific | 
Subjects. Crown 8vo., 35. 6d. 3 


PLEASANT WAYS IN SCIENCE. Crown 8vo., 3s. 6d. 
‘NATURE STUDIES. By R. A. Procror, Grant ALLEN, A. WILson, i 


T. FOSTER, and E. CLopp. Crown 8vo., 35. 6d. 


LEISURE READINGS. By R. A. Proctor, E. CLtopp, A. Witson, 


T. FosTER, and A. C. RANYARD. Crown 8vo., 3s. 6d. 
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; PHYSIOGRAPHY AND GEOLOGY. 
_BIRD.—Works by CHARLES BIRD, B.A. 
_ ELEMENTARY GEOLOGY. With Geological Map of the British 


Isles, and 247 Illustrations. Crown 8vo., 2s. 6d. 


ADVANCED GEOLOGY. A Manual for Students in Advanced 


Classes and for General Readers. With over 300 Illustrations, a Geological Map of 
the British Isles (coloured), and a set of Questions for Examination. Crown 8vo., 
7s. 6d. 


-GREEN.—PHYSICAL GEOLOGY FOR STUDENTS AND GENE- 
RAL READERS. By A. H. GREEN, M.A., F.G.S. With 236 Illustrations. 8vo., 
2Is, 


HOWORTH.—ICE OR WATER. Another Appeal to Induction from 
the Scholastic Methods of Modern Geology. By Sir HENry H. Howorru, K.C.LE., 
D.C.L., F.R.S., V.P.S.A., F.G.S., President of the Royal Archzeological Institute, 
Author of ‘The Mammoth and the Flood,’ ‘ The History of the Mongols,’ etc. (3 vols.) 
Vols. I. and II, Medium 8vo., 325. net. 


MORGAN.—Works by ALEX. MORGAN, M.A., D.Se., F.R.S.E. 


ELEMENTARY PHYSIOGRAPHY. Treated Experimentally. With 
4 Maps and 243 Diagrams. Crown 8vo., 25. 6d. 


ADVANCED PHYSIOGRAPHY. | With 215 Illustrations. Crown 
8vo., 45. 6d. 


READE—THE EVOLUTION OF EARTH STRUCTURE: With 
a Theory of Geomorphic Changes. By T. MELLARD READE, F.G.S., F.R.I.B.A., 


A.M.I.C.E., ete. With 41 Plates. 8vo., 2I5. net. 
f 


ROGERS.—AN INTRODUCTION TO THE GEOLOGY OF CAPE 
-COLONY. By A. W. Rocers, M.A., F.G.S., Director of the Geological Survey 


of Cape Colony. With a Chapter on the Fossil Reptiles of the Karroo Formation by 
R. Broom, M.D., B.Sc., C.M.Z.S. Crown 8vo., gs. net. 


'-THORNTON.—Works by J. THORNTON, M.A. 


ELEMENTARY PRACTICAL PHYSIOGRAPHY. 

Part I. With 215 Illustrations. Crown 8vo., 2s. 6d. 

Part II. With 98 Illustrations. Crown 8vo., 25. 6d. 
ELEMENTARY PHYSIOGRAPHY: an Introduction to the Study 


of Nature. With 13 Maps and 295 Illustrations. With Appendix on Astronomical 
Instruments and Measurements. Crown 8vo., 25. 6d. 


ADVANCED PHYSIOGRAPHY. With 11 Maps and 255 illustrations. 
Crown 8vo., 45. 6d. 
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MANUFACTURES, TECHNOLOGY, ETC. 


ASHLE Y.—BRITISH INDUSTRIES: A Series of General Reviews_ 
for Business Men and Students. Edited by W. J. ASHLEY, M.A., Professor of Com-_ 
merce in the University of Birmingham. Crown 8vo., 55. 6d. net. ) 


BELL.—JACQUARD WEAVING AND DESIGNING. By F. T. 
BELL. With 199 Diagrams. 8vo., 125. net. | 


BROWN.—LABORATORY STUDIES FOR BREWING STUDENTS: 


a Systematic Course of Practical Work in the Scientific Principles underlying the Processes 
of Malting and Brewing. By ADRIAN J. BRowNn, M.Sc., Director of the School of . 
Brewing, and Professor of the Biology and Chemistry of Fermentation in the University 
of Birmingham, etc. With 36 Illustrations. 8vo., 75. 6d. net. 


CROSS anv BEVAN.—Works by C. F. CROSS and E. J. BEVAN.. : 


CELLULOSE: an Outline of the Chemistry of the Structural Elements. 
of Plants. With reference to their Natural History and Industrial Uses. (C. F. 
Cross, E. J. BEVAN and C. BEADLE.) With 14 Plates. Crown 8vo., r2s. net. 


RESEARCHES ON CELLULOSE, 1895-1900. Crown 8vo., 6s. net. 


JACKSON.—A TEXT-BOOK ON CERAMIC CALCULATIONS 


with Examples. By W. JACKSON, A.R.C.S., Lecturer in Pottery and Porcelain Manu- 
facture for the Staffordshire Education Committee and the Hanley Education Committee. 
Crown 8vo., 35. 6d. net. ; 


MORRIS and WILKINSON.—THE ELEMENTS OF COTTON 
SPINNING. By JoHN Morris and F, WILKINSON. With a Preface by Sir B. A. 
Dosson, C.E., M.I.M.E. With 169 Diagrams and Illustrations. Cr. 8vo., 7s. 6d. net. 


RICHARDS.—BRICKLAYING AND BRICK-CUTTING. By H. Ww. 
RICHARDS, Examiner in Brickwork and Masonry to the City and Guilds of London 


Institute, Head of Building Trades Department, Northern Polytechnic Institute, 
London, N. With over 200 Illustrations. Med. 8vo., 35. 6d. 4 


~ = 


fi 

TA YLOR.—_COTTON WEAVING AND DESIGNING. By Jonn T. 
TAYLOR, late Lecturer on Cotton Weaving and Designing in the Preston and other 
Technical Schools. Revised under the direction of F. WILKINSON, Director of the 
Textile and Engineering School, Bolton. With 402 Diagrams. Crown 8vo., 7s. 6d. net. 


WATTS—AN INTRODUCTORY MANUAL FOR SUGAR GROW- 
ERS, By FRANcIs Watts, F.C.S., F.I.C. With 20 Illustrations. Crown 8yo., 6s. 4 
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; MEDICINE AND SURGERY. 
= (And see PHYSIOLOGY, etc., page 36.) 


> SHBY and WRIGHT. — THE DISEASES OF CHILDREN, . 
J MEDICAL AND SURGICAL. By HENRY AsuBy, M.D., Lond., F.R.C.P., ~ 
4 Physician to the General Hospital for Sick Children, Manchester ; and G. A WRIGHT, 
A., M.B. Oxon., F.R.C.S., Eng., Assistant- -Surgeon to the Manchester Royal In- 
ES firmary, and Surgeon to the Children’s Hospital. Enlarged and Improved Edition. 
With ro2 Illustrations. 8vo., 255. 


a 

BAIN.—A TEXT-BOOK OF MEDICAL PRACTICE. By Various 
Contributors. Edited by WILLIAM Barn, M.D., M.R.C.P. With 75 Illustrations. 
Royal 8vo., 255. net. 


: 


BENNETT. — Works by Sir WILLIAM BENNETT, K.C.V.O.,, 
— F.R.C.S., Surgeon to St. George’s Hospital; Member of the Board 
of Examiners, Royal College of Surgeons of England. 


RECURRENT EFFUSION INTO THE KNEE-JOINT AFTER 
INJURY, WITH ESPECIAL REFERENCE TO INTERNAL DERANGE- 


é MENT, COMMONLY CALLED SLIPPED CARTILAGE: an Analysis of 750 
: Cases. A Clinical Lecture delivered at St. George’s Hospital. With 13 Illustrations. 
8vo., 35. 6d. 


CLINICAL LECTURES ON VARICOSE VEINS OF THE 
LOWER EXTREMITIES. With 3 Plates. 8vo., 6s. 


ON VARICOCELE; A PRACTICAL TREATISE. With 4 Tables 


anda Diagram. 8vo., 55. 


- CLINICAL LECTURES ON ABDOMINAL HERNIA: chiefly 
in relation to Treatment, including the Radical Cure. With 12 Diagrams in the 
Text. 8vo., 85. 6d. 


ON VARIX, ITS CAUSES AND TREATMENT, WITH ESPECIAL 
REFERENCE TO THROMBOSIS.  8vo., 35. 6d. 


THE PRESENT POSITION OF THE TREATMENT OF 
SIMPLE FRACTURES OF THE LIMBS. 8vo., 2s. 6d. 


LECTURES ON THE USE OF MASSAGE AND EARLY PASSIVE 
MOVEMENTS IN RECENT FRACTURES AND OTHER COMMON 
SURGICAL INJURIES: The Treatment of Internal Derangements of the Knee 
Joint and Management of Stiff Joints. With 17 Illustrations. 8vo., 65, 


CABOT—A GUIDE TO THE CLINICAL EXAMINATION OF 

aA THE BLOOD FOR DIAGNOSTIC PURPOSES. By RIcHARD C. CAsBoT, M.D., 
Physician to Out-patients, Massachusetts General Hospital. With 3 Coloured Plates 
and 28 Illustrations in the Text. 8vo., 165, 
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MEDICINE AND SURGERY-— Continued. 


CARR, PICK, DORAN, anv DUNCAN.—THE PRACTITIONER'S 
GUIDE. By J. WALTER CARR, M.D. (Lond.), F.R.C.P.; T. PICKERING PICK, 
F.R.C.S. ; ALBAN H. G. Doran, F.R.C.S. ; ANDREW DUNCAN, M.D., B.Sc. (Lond. ), 
FeR.G3S; ,, MoR CsP.4, Svo.; 2ts.cnets 


CHEYVNE anv BURGHARD.—A MANUAL OF SURGIGAL 
TREATMENT. By W. WATSON CHEYNE, C.B.. M.B., F.R.C.S., F.R.S., Hon. 
LL.D. (Edin.), Professor of Clinical Surgery in King’s College, London, Surgeon ~ 
to King’s College Hospital, etc.; and F. F. BuRGHARD, M.D. and M.S. (Lond.), 
F.R.C.S., Teacher of Practical Surgery in King’s College, London, Surgeon to King’s ~ 
College Hospital (Lond.), etc. 


Part I. The Treatment of General Surgical Diseases, including In- 
Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Complications, 
Infective Diseases and Tumours; the Administration of Anzsthetics, With 66 Illus- 
trations. Royal 8vo., tos. 6d. 


Part II. The Treatment of the Surgical Affections of the Tissues, — 
including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic Vessels - 
and Glands, the Fascize, Bursee, Muscles, Tendons and Tendon-sheaths, Nerves, 
Arteries and Veins. Deformities. With 141 Illustrations. Royal 8vo., 145. 3 


Part III. The Treatment of the Surgical Affections of the Bones. 
Amputations. With too Illustrations. Royal 8vo., 12s. 


Part IV. The Treatment of the Surgical Affections of the Joints (in- 
cluding Excisions) and the Spine. With 138 Illustrations. Royal 8vo., 14s. 


Part V. The Treatment of the Surgical Affections of the Head, Face, 
Jaws, Lips, Larnyx and Trachea; and the Intrinsic Diseases of the Nose, Ear and 
Larynx, by H. LAMBERT Lack, M.D. (Lond.), F.R.C.S., Surgeon to the Hospitak 
for Diseases of the Throat, Golden Square, and to the Throat and Ear Department 
The Children’s Hospital, Paddington Green. With 145 Illustrations. Royal 8v0., 
18s, 


Part VI. Section I. The Treatment of the Surgical Affections of the 


Tongue and Floor of the Mouth, the Pharynx, Neck, (Esophagus, Stomach a: 
Intestines. With 124 Illustrations. Royal 8vo., 185. aoe = 


Section II. The Treatment of the Surgical Affections of the 


Rectum, Liver, Spleen, Pancreas, Throat, Breast and Genito-urinary Organs. With 
113 Illustrations. Royal 8vo., ats. 


COATS.—A MANUAL OF PATHQLOGY. By JoserH Coats, 
M.D., late Professor of Pathology in the University of Glasgow. Fifth Edition, 
Revised throughout and Edited by Lewis R. SUTHERLAND, M.D., Professor of 


Pathology, University of St. Andrews. With 729 Illustrations and 2 Coloured: 
Plates. 8vo., 28s. net. ; : 


DAKIN.—A HANDBOOK OF MIDWIFERY. By Witi1am RaprorD 


DAKIN, M.D., F.R.C.P., Obstetric Physician and Lecturer on Midwifery at St. G y 
Hospital, etc. With 394 Illustrations. - Large crown 8vo., 18s. peti 
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MEDICINE AND SURGERY-— Continued. 


- COOKE.—Works by THOMAS COOKE, F.R.C.S. Eng. B.A., B.Sc, 


Mic). Paris: 


TABLETS OF ANATOMY. Being a Synopsis of Demonstrations. 


given in the Westminster Hospital Medical School. Eleventh Edition in Three 
Parts, thoroughly brought up to date, and with over 700 Illustrations from all the: 
best Sources, British and Foreign. Post gto. 


Part I. The Bones. 7s. 6d. net. 
Part II. Limbs, Abdomen, Pelvis. ros. 6d. net. 
Part III. Head and Neck, Thorax, Brain. tos. 6d. net. 


APHORISMS IN APPLIED ANATOMY AND OPERATIVE 


SURGERY. Including 100 Typical vzvd voce Questions on Surface Marking, etc. 
Crown 8vo., 35. 6d. 


vw 


DICKINSON.—Works by W. HOWSHIP DICKINSON, M.D. Cantab., 
P..C.P. 


ON RENAL AND URINARY AFFECTIONS. With 12 Plates 
and 122 Woodcuts. Three Parts. 8vo., £3 45. 6d. 


THE TONGUE AS AN INDICATION OF DISEASE: being 
the Lumleian Lectures delivered March, 1888. 8vo., 75. 6d. 


OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855-1896. 


8vo., 125. 


DOCKRELL.— AN ATLAS OF DERMATOLOGY: showing the 
appearances, clinical and microscopical, normal and abnormal, of conditions of the 
skin. 60 Coloured Plates and descriptive letterpress. By MORGAN DOCKRELL, M.A., 
M.D. (Dub. Univ.), Senior Physician and Chesterfield Lecturer on Dermatology to St. 
John’s Hospital for Diseases of the Skin. Fcp. folio, 50s. net. 


* * The Plate showing the clinical appearance of each disease appears on the same page 
with that displaying the microscopical. The descriptive letterpress in each case ts as brief as 


— possible. 


ERICHSEN.—THE SCIENCE AND ART OF SURGERY ; a Treatise 


on Surgical Injuries, Diseases, and Operations. By Sir JoHN ERIC ERICHSEN, Bart., 
F.R.S., LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland. Illustrated by nearly tooo 
Engravings on Wood. 2vols. Royal 8vo., 48s. 


FOWLER awn GODLEE.—THE DISEASES OF THE LUNGS. 


By JAMes KinGsTon Fow er, M.A., M.D., F.R.C.P., Physician to the Middlesex 
Hospital and to the Hospital for Consumption and Diseases of the Chest, Brompton, 
ete.; and RICKMAN JOHN GODLEE, Honorary Surgeon in Ordinary to His Majesty, 
M.S., F.R.C.S., Fellow and Professor of Clinical Surgery, University College, London, 
etc. With 160 Illustrations, 8vo., 255, 
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MEDICINE AND SURGERY— Continued. 


- GARROD.—Works by Str ALFRED BARING GARROD, MD 
IRI RES seiner : 


A TREATISE ON GOUT AND RHEUMATIC GOUT (RHEU-- 
MATOID ARTHRITIS). With 6 Plates, comprising 21 Figures (14 Coloured), and — 
27 Illustrations engraved on Wood. 8vo., 21s. 


THE ESSENTIALS OF MATERIA MEDICA AND THERA. 
PEUTICS. Crown 8vo., 125. 6d. i 


GOADB Y.—THE MYCOLOGY OF THE MOUTH: a Text-Book = 
of: Oral Bacteria. By KENNETH W. GoApBy, L.D.S. (Eng.), D.P.H. (Camb.), — 
L.R.C.P., M.R.C.S., Bacteriologist and Lecturer on Bacteriology, National Dental — 
Hospital, etc. With 82 Illustrations. 8vo., 85. 6a. net. 4 

GOODSALL ano MILES.—DISEASES OF THE ANUS AND ~ 
RECTUM. By D. H. GoopsALL, F.R.C.S., Senior Surgeon, Metropolitan Hospital ; 
late Senior Surgeon, St. Mark’s Hospital for Fistula ; and W. ERNEST MILES, F.R.C.S., _ 
Surgeon to the Cancer Hospital, Brompton, Surgeon to the Gordon Hospital for ~ 
Diseases of the Rectum, House Surgeon to St. Mark’s Hospital for Fistula, etc. 


Part I. With gx Illustrations. 8vo., 7s. 6d. net. Part [I]. With 44 Illustrations. 
8vo., 6s. net. 


GRAY.— ANATOMY, DESCRIPTIVE AND SURGICAL. By © 
HENRY GRAY, F.R.S., late Lecturer on Anatomy at St. George’s Hospital Medical 2 
School. The Fifteenth Edition Enlarged, edited by T. PICKERING PICK, F.R.C.S., 
Consulting Surgeon to St. George’s Hospital, etc., and by ROBERT HOWDEN, M.A., — 
M.B., C.M., Professor of Anatomy in the University of Durham, etc. With 772 — 
Illustrations, a large proportion of which are Coloured, the Arteries being coloured — 
red, the Veins blue, and the Nerves yellow. The attachments of the muscles to the © 
bones, in the section on Osteology, are also shown in coloured outline. Royal 8vo., — 
32s, net. 4 
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HALLIBURTON.—Works by W. D. HALLIBURTON, M.D., F.R.S., 
Professor of Physiology in King’s College, London. : 


A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND rATo) q 
LOGY. With 1o4 Illustrations. 8vo., 285. | 
ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 83 Tlustras 


tions. 8vo., 45. 6d. net. 


HARE.— A COMMON HUMORAL FACTOR OF DISEASE. 


Being a Deductive Investigation into the Primary Causation, Meaning, Mechanism and 
Rational Treatment, Preventive and Curative, of the Paroxysmal Neurose (Migrains, — 
Asthma, Epilepsy, etc.), Gout, High-blood Pressure, Circulatory, Renal and other ~ 
Degenerations. By FRANCIS EVERARD Hare, M.D., late Consulting Physician to 


the Brisbane General Hospital; Visiting Physician to ‘the Diamantina Hospital for — 
Chronic Diseases, Brisbane. 


HIILILIER.— THE PREVENTION OF CONSUMPTION. By ALFRED — 
HILLIER, B.A., M.D., Secretary to the National Association for the Prevention of Con- 


sumption (England), Visiting Physician to the London Open-Air Sanatorium. Revised 
by Professor R. KocH. With rq Illustrations. Crown 8vo., 55. net. 
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MEDICINE AND SURGERY— Cor?inued. 


INQUIRY (AN) INTO THE PHENOMENA ATTENDING DEATH 
% BY DROWNING AND THE MEANS OF PROMOTING RESUSCITATION 
sr IN THE APPARENTLY DROWNED. _ Report of a Committee appointed by the 

Royal Medical and Chirurgical Society. With 2 Diagrams and 26 folding-out Plates. 
8vo., 55, net. 


_LANG.—THE METHODICAL EXAMINATION OF THE EYE. 
Being Part I. of a Guide to the Practice of Ophthalmology for Students and Practi- 
- tioners. By WILLIAM LANG, F.R.C.S. Eng., Surgeon to the Royal London Ophthalmic 
4 Hospital, Moorfields, etc. With 15 Illustrations, Crown 8vo., 35. 6d. 


_LUFF—TEXT-BOOK OF FORENSIC MEDICINE AND TOXI- 

= COLOGY. By ARTHUR P. Lurr, M.D., B.Sc. (Lond.), Physician in Charge of Out- 

=a Patients and Lecturer on Medical Jurisprudence and Toxicology in St. Mary’s Hospital. 
With 13 full-page Plates (x in colours) and 33 Illustrations in the Text. 2 vols. Crown 
8vo., 245. 


- PAGET.—Edited by STEPHEN PAGET. 
SELECTED ESSAYS AND ADDRESSES. By Sir JAMES PAGET. 


8vo., 125. 6d. net. 


MEMOIRS AND LETTERS OF SIR JAMES PAGET, Barr., 


F.R.S., D.C.L., late Sergeant-Surgeon to Her Majesty Queen Victoria. With Portrait. 
8vo., 65. net. 


PHILLIIPS.— MATERIA MEDICA, PHARMACOLOGY AND 
THERAPEUTICS: Inorganic Substances. By CHARLES D. F. PHILLIPS, M.D., 
LL.D., F.R.S. Edin., late Lecturer on Materia Medica and Therapeutics at the West- 
minster Hospital Medical School; late Examiner in the University of Edinburgh. 8vo., 21s. 


s 


POOLE.—COOKERY FOR THE DIABETIC. By W. H. and 
Mrs. POOLE. With Preface by Dr. PAvy. Fcap. 8vo., 25. 6d. 


~PROBYVN-WILLIAMS.—A PRACTICAL GUIDE TO THE AD- 

i MINISTRATION OF ANAESTHETICS. By R. J. PROByN-WILLIAMS, M.D., 
Aneesthetist and Instructor in Anzesthetics at the London Hospital; Lecturer in 
Aneesthetics at the London Hospital Medical College, etc. With 34 Illustrations, 
Crown 8vo., 45. 6d, net. 


*QUAIN.—QUAIN’S (Sir Ricwarp) DICTIONARY OF MEDICINE. 
By Various Writers. Third Edition. Edited by H. MontTaGuE Murray, M.D., 
F.R.C.P., Joint Lecturer on Medicine, Charing Cross Medical School, and Physician, 
Charing Cross Hospital; assisted by JOHN HAROLD, M.B., B.Ch., B.A.O., Physician 
to St. John’s and St. Elizabeth’s Hospital; and W. CECIL BosaNnQuet, M.A., M.D., 
F.R.C.P., Assistant Physician to Charing Cross Hospital, etc. With 21 Plates (14 in 
Colour) and numerous Illustrations in the Text. 8vo., 215. net, buckram ; or 3os, net, 
half-morocco, 
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MEDICINE AND SURGERY—Continued. 


QUAIN.—QUAIN’S (JONES) ELEMENTS OF ANATOMY. The 


Tenth Edition. 


Edited by EDWARD ALBERT SCHAFER, F.R.S., Professor of Physiology — 


in the University of Edinburgh ; and GEORGE DANCER THANE, Professor of Anatomy 


in University College, London. 

VoL. IL, Part I. EMBRYOLOGY. By 
E. A. SCHAFER, F.R.S. With 200 
Illustrations. Royal 8vo., 9s. 


VoL. I, Part Il. GENERAL ANA- 
TOMY OR HISTOLOGY. By E. A. 
SCHAFER, F.R.S. With 491 Illustra- 
tions. Royal 8vo., 125. 6d. 


MOte es ART. ade OSTEOLOGY — 
ARTHROLOGY. By G. D. THANE. 
With 224 Illustrations, Royal 8vo., ris. 


VOtnw wi. 2 PART) TF. 
ANGEIOLOGY. By G. D. THANE. 
With 1o9 Illustrations. Royal 8vo., 

= 165. 


Vo. III., PART I. THE SPINAL CORD 


AND BRAIN. By E. A. SCHAFER, 
F.R.S, With 139 Illustrations. Royal | 
8vo., 125. 6d. 


MYOLOGY— | 


Vou. III., PART II. THE NERVES. By- 
G. D. THANE. With 102 Illustra-~ 
tions. Royal 8vo., 9s. > 


VoL. III., PART III. THE ORGANS OF | 
THE SENSES. By E. A. SCHAFER, | 
F.R.S. With 178 Illustrations. Royal” 
8v0., 9S. = : 

Part IV. SPLANCHNO-_ 

LOGY. By E. A. SCHAFER, F.R.S. 

and JOHNSON SYMINGTON, M.D. 

With 337 Illustrations. Royal 8vo., 

16s. 


Vou. iE 


APPENDIX: SUPERFICIAL AND SUR- 
GICAL ANATOMY. _ By Professor 
G. D. THANE and Professor R.. J. 
GODLEE, M.S. With 29 Illustrations. 
Royal 8vo., 6s. 6d. 


SCHAFER.—Works by E. A. SCHAFER, F.R.S., Professor of 
Physiology in the University of Edinburgh. 


THE ESSENTIALS OF HISTOLOGY: Descriptive and Practical. 


For the Use of Students. 


With 463 Illustrations. 


8vo., 9s. net. 


DIRECTIONS FOR CLASS WORK IN PRACTICAL PHYSIO- 


LOGY: Elementary Physiology of Muscle and Nerve and of the Vascular and — 
Nervous Systems. With 48 Diagrams and 24 pages of plain paper at end for Notes. — 


8vo., 35. net. 


SMALE awn COLYER.—DISEASES AND INJURIES OF THE 


SMITH (H. F.).— THE HANDBOOK FOR MIDWIVES. 


STEVENSON.—WOUNDS IN WAR: 


TEETH, including Pathology and Treatment. By MORTON SMALE, M.R.C.S., L.S.A., 
L.D.S., Dental Surgeon to St. Mary’s Hospital, Consulting Dental Surgeon, Dental 
Hospital of London, etc. ; and J. F. COLYER, L.R.C.P., M.R.C.S., L.D.S., Dental - 
Surgeon to Charing Cross Hospital and to the Dental Hospital of London, Dean 
of the School, Dental Hospital of London. Second Edition, Revised and Enlarged 
by J. F. COLYER. With 640 Illustrations. Large crown 8vo., 21s. net. ; 


By 
HENRY FLy SMITH, B.A., M.B. Oxon., M.R.C.S. 41 Woodcuts. Crown 8vo., 55. . ; 
the Mechanism of their Pro- 
duction and their Treatment. By Surgeon-General W. F. STEVENSON, C.B. (Army 
Medical Staft), B.A., M.B., M.Ch. Dublin University, Professor of Military Surgery, 
Royal Army Medical College, London. With 127 Illustrations. 8vo., 155, net. ~ 4 


TAPPEINER.—INTRODUCTION TO CHEMICAL METHODS. 


OF CLINICAL DIAGNOSIS. By Dr. H. TAPPEINER, Professor of Pharmacology 
and Principal of the Pharmacological Institute of the University of Munich. Translated 
by Epmonp J. MCWEENEY, M.A., M.D. (Royal Univ. of Ireland), L.R.C.P.1L, eto, 
Crown 8vo., 35. 6d, 
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_ MEDICINE AND SURGERY—Continued. 
: WALLER. —Works by AUGUSTUS D. WALLER, M.D., F.R.S., Hon. 
;. LL.D. Edin,, Lecturer on Physiology at St. Mary’s Hospital Medical 
= ,. School, London ; late External Examiner at the Victorian University. 
= AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third Edi- 
& tion, Revised. With 314 Illustrations. 8vo., 185, 


LECTURES ON PHYSIOLOGY. First Series. On Animal Electricity 


8vo., 55. net. 


WALLER. -—-EXERCISES “IN PRACTICAL PHYSIOLOGY, -<By 


: AucGustus D. WALLER, M.D., F.R.S. 

-- Part I. Elementary Physiological Chemistry. By Aucustus D, 
se WALLER and W. LEGGE SYMES. 8vo., sewed, 15. net. 

— Part II. Exercises and Demonstrations in Chemical and Physical 
a4 Physiology. By AuGustus D. WALLER and W. LEGGE SYMEsS, With 42 Illus- 


: trations. 8vo., 25. 6d. net. 
Part III. Physiology of the Nervous System, Electro-Physiology. By 


AuGusTus D, WALLER. With 60 Illustrations. 8vo., 25. 6d. net, 


fied wre New 


ey HEALTH AND HYGIENE. 


_ASHB Y.—HEALTH IN THE NURSERY. By Henry Asupy, M.D., ° 
oe F.R.C.P. With 25 Illustrations. Crown 8vo., 35. net. 


| BUCKTON. — HEALTH IN. THE .HOUSE.. By: Mrs. .C, M. 


BUCKTON. With 41 Woodcuts and Diagrams. Crown 8vo., 25, 


- CORFIELD. —THE LAWS OF HEALTH. By W. H. CorFiE.p, 
M.A., M.D. Fep. 8vo., 15. 6d. 


FURNEAUX.—ELEMENTARY PRACTICAL HYGIENE.— 
a Section I. By WILLIAM S. FURNEAUX. With 146 Illustrations. Cr, 8vo., 25. 6d. 
NOTTER anv FIRTH.—Works by J. L. NOTTER, M.A., M.D., and 
eS: Peet FIRTH, FRCS. 

_ HYGIENE. With g5 Illustrations. Crown 8vo., 35. 6d. 
PRACTICAL DOMESTIC HYGIENE. With 83 Illustrations. 
= ' Crown 8vo., 25. 6d. 

-POORE, —Works by GEORGE VIVIAN POORE, M.D. 

ESSAYS ON RURAL HYGIENE. With 12 Illustrations. Crown 
8vo., 65. 6d. 
THE DWELLING-HOUSE. With 36 Illustrations. Crown 8vo., 


. 35. 6d. ; 
~ COLONIAL AND CAMP SANITATION. With 11 Illustrations. 
b Crown 8vo., 25. net. 
~ THE EARTH IN RELATION TO THE PRESERVATION AND 
Ee DESTRUCTION OF CONTAGIA: being the Milroy Lectures delivered at the 
: Royal College of Physicians in 1899, together with other Papers on Sanitation. 
With 13 Illustrations. Crown 8vo., 55. 


“WILSON.—A MANUAL OF HEALTH-SCIENCE. By ANDREW 
WI1son, F.R.S.E., F.L.S., etc. With 74 Illustrations, Crown 8vo,, 25. 6d, 
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VETERINARY MEDICINE, ETC. 
FITZW VGRAM.—HORSES AND STABLES. By Lieut.-General Sir 


F. FITZWYGRAM, Bart. With 56 pages of Illustrations. 8vo., 35. net. 


HAVES.—TRAINING AND HORSE MANAGEMENT IN INDIA, 
with Hindustanee Vocabulary. By M. Horace Hayes, F.R.C.V.S. (late Captain 
‘The Buffs’). Crown é6vo, : 
STEEL,—Works by JOHN HENRY STEEL, ¥F-R.C.VS5 9 8eZee 
A.V.D., late Professor of Veterinary Science and Principal of Bo 
Veterinary College. 
A TREATISE ON THE DISEASES OF THE DOG; being: a 


Manual of Canine Pathology. Especially adapted for the use of Me 
Practitioners and Students. With 88 Illustrations. 8vo., tos. 6d. 


A’ TREATISE ON THE DISEASES OF THE OX): ‘being a 
Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. With 2 Plates and 117 Woodcuts. 8vo., 155. 


A TREATISE ON THE DISEASES OF THE. SHEEP; being @ 


a Manual of Ovine Pathology for the use of Veterinary Practitioners and Students. 
With Coloured Plate and 99 Woodcuts. 8vo., 12s. 


YOUATT.—Works by WILLIAM YOUATT. 
THE HORSE. With 52 Wood Engravings. 8vo., 75. 6d 
THE DOG. With 33 Wood Engravings. 8vo., 6s. 


PHYSIOLOGY, BIOLOGY, ZOOLOGY, ETC. 
(And see MEDICINE AND SURGERY, page 29.) 
ASHBY—NOTES ON PHYSIOLOGY FOR THE USE. OF 
STUDENTS, PREPARING FOR EXAMINATION. By HENRY AsHBy, M.D. 


Lond., F.R.C.P., Physician to the General Hospital for Sick Children, Manchester. 
With 148 Illustrations. 18mo., 55. 


BARNETT.—THE MAKING OF THE BODY: a Children’s Book! 


on Anatomy and Physiology. By Mrs. S. A. BARNETT. With 113 Illustrations, 
Crown 8vo., 1s. 9d. } 


BEDDARD.—ELEMENTARY PRACTICAL ZOOLOGY. By 


FRANK E, BEDDARD, M.A. Oxon. With 93 Illustrations. Crown 8vo., 25. 6d. 


BIDGOOD.—A COURSE OF PRACTICAL ELEMENTARY BIO- 
LOGY. By JOHN BipGoop, B.Sc., F.L.S. With 226 Illustrations. Crown 8vo., 4s. 6d. 


BOSE.—RESPONSE IN THE LIVING AND NON-LIVING. By 


JAGADIS CHUNDER Bosr, M.A. (Cantab.), D.Sc. (Lond.), Professor, Presidency 
College, Calcutta. With 117 Illustrations. 8vo., ros. 6d. 


BRODIE.—THE ESSENTIALS OF EXPERIMENTAL PHYSIO- 
LOGY. For the Use of Students. By T. G. Bropir, M.D., Lecturer on Physiology, 

a ts ae s Hospital Medical School,. With 2 Plates and 177 Illustrations in the Text. 

Vyo., 65, 6¢ 
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g PHYSIOLOGY, BIOLOGY, ZOOLOGY, ETC.— Continued. 


_CHAPMAN.—THE FORAMINIFERA: An Introduction to the Study 
4 of the Protozoa. By FREDERICK CHAPMAN, A.L.S., F.R.M.S,_ With xq Plates 
_ and 42 Illustrations in the Text. 8vo., gs, net. 


FURNEA UX.—HUMAN PHYSIOLOGY. By W. Furneaux, 
F.R.G.S. With 218 Illustrations. Crown 8vo., 25. 6d. 


HUDSON awn GOSSE.—THE ROTIFERA, or ‘WHEEL-ANIMA- 
CULES’. By C. T. Hupson, LL.D., and P.. H. Gossr, F.R.S. With 30 Coloured 
and 4 Uncoloured Plates. In 6 Parts. 4to., ros. 6d, each, Supplement ras. 6d. 
Complete in 2 vols., with Supplement, ato., ‘La 45. 


LLO YD.—THE TEACHING OF BIOLOGY IN THE SECONDARY 
SCHOOL. By Francis E. Liroyp, A.M. and MAuricE A. BIGELow, Ph.D., Pro- 
fessors in Teachers College, Co’tumbia University. Crown 8vo., 6s, net. 


_ MACALISTER.—Works by ALEXANDER MACALISTER, M.D. 


' AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY AND 
. MORPHOLOGY OF VERTEBRATE ANIMALS. With 41 Diagrams. 8vo., ros. 6d. 


ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 77 
Diagrams. Fcp. 8vo., 15. 6d. 


ZOOLOGY OF THE VERTEBRATE ANIMALS. With 59 Diagrams. 
Fep. 8vo., 15. 6d, . 


“MACDO UGAL.—Works by DANIEL TREMBLY MACDOUGAL, 
Ph.D., Director of the Laboratories of the New York Botanical Garden. 
PRACTICAL TEXT-BOOK OF PLANT PHYSIOLOGY. With 159 


Illustrations. 8vo., 75. 6d. net. 


ELEMENTARY PLANT PHYSIOLOGY. With 108 Illustrations. 


Crown 8vo., 35. 


MORGAN.—ANIMAL BIOLOGY: an Elementary Text-Book. By 
~ . C, LLoyp MorGAN, F.R.S., Principal of University College, Bristol. With 103 Illustra- 
tions. Crown 8vo., 85. 6d. 


“SCHAFER.—DIRECTIONS FOR CLASS WORK IN PRACTICAL 
PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the Vascular and 
Nervous Systems. By E. A. SCHAFER, LL.D., F.R.S., Professor of Physiology in the 
University of Edinburgh. With 48 Diagrams. $8vo., 35. net. 


-THORNTON.—Works by JOHN THORNTON, M.A. 
HUMAN PHYSIOLOGY. With 284 Illustrations, some coloured. 
Crown 8vo., 6s. 
ELEMENTARY BIOLOGY, Descriptive and Experimental. With 


numerous Illustrations. Crown 8vo., 35. 6d. 


be ELEMENTARY PRACTICAL PHYSIOLOGY. With 178 Illustra- 


tions (6 of which are Coloured). Crown 8vo., 35. 61, 
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BACTERIOLOGY. 


CORTIS.—THE ESSENTIALS: OF _PRACTICAL BACTERI 
OLOGY: An Elementary Laboratory Book for Students and Practitioners. By H. J 
CurTIs, B.S. and M.D. (Lond.), F.R.C.S. With 133 Illustrations. 8vo., 9s. 


DHINGRA.—ELEMENTARY BACTERIOLOGY. By M. L 
DHINGRA, M.D., C.M. Edin., Diplomate in State Medicine, University of Cambridge 
etc, With Coloured Frontispiece and 26 Illustrations in the Text. Crown 8yvo., 35. nt 

FRANKLAND.— MICRO-ORGANISMS IN WATER. Together 


with an Account of the Bacteriological Methods involved in their Investigation. 
Specially designed for the use of those connected with the Sanitary Aspects of Water- 
Supply. By PERCY FRANKLAND, Ph.D., B.Sc. (Lond.), F.R.S., and Mrs. PERCY 
FRANKLAND. With 2 Plates and Numerous Diagrams. 8vo., 16s. net. : 


FRANKLAND.—BACTERIA IN DAILY LIFE. By Mrs, Percy 


FRANKLAND, F.R.M.S. Crown 8vo., 55. net. 


GOADBY.—THE MYCOLOGY OF THE MOUTH: A Text-Book 


of Oral Bacteria. By KENNETH W. GOADBY, L.D.S. Eng., etc. ; Bacteriologist and 
Lecturer on Bacteriology, National Dental Hospital, etc. With 82 TIllustrations. 
8vo., 85. 6d, net. 


KLOCKER.—FERMENTATION ORGANISMS: a Laboratory Hand- 


book. By ALB. KLGCKER, Translated by G. E. ALLAN, B.Sc., Lecturer in the University 
of Birmingham, and J. H. MILLar, F.I.C., formerly Lecturer in the British School of 
Malting and Brewing, and Revised by the Author. With 146 Illustrations. 8vo., 
12s, net. 


PLIMMER.—THE CHEMICAL CHANGES AND PRODUCTS 
RESULTING FROM FERMENTATION. By R. H. ADERS PLIMMER, D.Sec., 
Lond., Grocers’ Research Student, Jenner Institute of Preventive Medicine. 8vo., 
6s. net. 


BOTANY. 
AITKEN. — ELEMENTARY TEXT-BOOK OF” BOTANY. By 


EpiTH AITKEN, late Scholar of Girton College. With 4oo Diagrams. Crown 8vo., 
45. 6d, 4 


BENNETT ann MURRAY—HANDBOOK OF CRYPTOGAMIC 
BOTANY. By ALFRED W. BENNETT, M.A., B.Sc., F.L.S., Lecturer on Botany at 
St. Thomas’s Hospital; and GEORGE MURRAY, EL, S., Keeper of ie British 
Museum, With 378 Illustrations. 8vo., 165. 


CROSS awn BEVAN.—Works by C. F. CROSS, E. J. BEVAN and 
C. BEADLE. ; 


CELLULOSE: an Outline of the Chemistry of the Structural Blemenel 


of Plants. With Reference to their Natural History and Industrial Uses. With 
14 Plates. Crown 8vo., 125. net. : 


RESEARCHES ON CELLULOSE, 1895-1900. Cr. 8vo., 6s. net. 
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BOTANY— Continued. 


EDMONDS. — Works by HENRY EDMONDS, B.Sc., London. — 
ELEMENTARY BOTANY. With 341 Illustrations. Cr. 8vo., 25. 6d: 
- BOTANY FOR BEGINNERS. With 85 Illustrations. Fep. 8vo., 


4 ; Is. 6d. 


FARMER.—A PRACTICAL INTRODUCTION TO THE STUDY 
OF BOTANY: Flowering Plants. By J. BRETLAND FARMER, D.Sc., F.R.S., M.A., 


Professor of Botany in the Royal College of Science, London. With rer Illustrations. 
Crown 8vo., 25. 6d. 


HENSLO W.—SOUTH AFRICAN FLOWERING PLANTS: For 
-_ the Use of Beginners, Students and Teachers. By the Rev. Professor G. beh ete 
3 M.A., F.L.S., F.G.S., etc. With 112 Illustrations. Cr. 8vo., 5.. 


HOFFMANN— ALPINE FLORA: for Tourists and Kabah Botanists. 
By Dr. JULIUS HOFFMANN. Translated by E. S. BARTON (Mrs. A. GEPP). With 
40 Plates, containing 250 Coloured Figures, from Water-Colour Sketches by HERMANN 
22 FRIESE. With Text descriptive of the most widely distributed and attractive of Alpine 
. _ Plants. 8vo., 75. 6d. net. 


KITCHENER.—A YEAR’S BOTANY. Adapted to Home and School 


Use. By FRANCES A. KITCHENER. With 195 Illustrations, Cr. 8vo., 55. 


LINDIEY awn MOORE.— THE TREASURY OF BOTANY. 
_ Edited by J. LinpLey, M.D., F.R.S., and T. Moore, F.L.S. With 20 Steel Plates 


a a and numerous Woodcuts. Two parts. Fep. 8vo., 12s. 

McNAB.—CLASS-BOOK OF BOTANY. In two Parts. By W. R. 

= McNas. 

~ MORPHOLOGY AND PHYSIOLOGY.| CLASSIFICATION OF PLANTS. With 
With 42 Diagrams. Fcp. 8vo., 15. 6d. | 118 Diagrams. Fep. 8vc., 15. 6d. 


SORA UVER.—A POPULAR TREATISE ON THE PHYSIOLOGY 
Bs OF PLANTS. By Dr. PAUL SORAUER. ‘Translated by F. E. WEISS, B.Sc., F.L.S, 
a With 33 Illustrations. 8vo., gs. net. 


‘THOME AawD BENNETT.—STRUCTURAL AND PHYSIOLOGI. 
CAL BOTANY. By Otro WILHELM THomé and by ALFRED W. BENNETT 


- 


a B.Se., F.L.S. With Coloured Map and 600 Woodcuts. Crown 8vo., 65. 


TUBE UF—DISEASES OF PLANTS INDUCED BY. CRYPTO- 
ae GAMIC PARASITES. Introduction to the Study of Pathogenic Fungi, Slime Fungi, 
a - Bacteria and Algze. By Dr. KARL FREIHERR VON TUBEUF, Privatdocent in the 
a> University of Munich. English Edition by WILLIAM G. SMITH, B.Sc., Ph.D., Lecturer 
% on Plant Physiology, University of Edinburgh. With 330 Illustrations. Royal 8vo., 
= - 18s, net, 


WATTS. —A SCHOOL FLORA. For the use of Elementary Botanical 
Classes. By W. MARSHALL WatTTs, D.Sc. Lond, With 174 Illustrations. Crown 
_ 8vo., 35. 6d. 
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AGRICULTURE AND GARDENING. j 
ADD YMAN.—AGRICULTURAL ANALYSIS. A Manual of Quanti- 


tative Analysis for Students of Agriculture. By FRANK T. ADDYMAN, B.Sc. (Lond.) 
F.I.C. With 49 Illustrations. Crown 8vo., 55. net. 
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COLEMAN awn ADDYMAN.—PRACTICAL AGRICULTURAL 
CHEMISTRY. By J. BERNARD COLEMAN, A.R.C.Sc., F.I.C., and FRANK T, 
ADDYMAN, B.Sc. (Lond.), F.I.C. With 24 Illustrations. Crown 8vo., 1s. 6d. net. 


HAGGARD.—Works by H. RIDER HAGGARD. & 
A FARMER’S YEAR: being his Commonplace Book for 1898. With 


36 Illustrations by G. LEON LITTLE and three others. Crown 8vo., 75. 6d. net. 


A GARDENER’S YEAR. With 26 Illustrations. 8vo., 12s. 6d. net. 
RURAL ENGLAND: being an Account of Agricultural and Social 


Researches carried out in the years 1901 and 1902. With. 23 Agricultural Maps and 
75 Illustrations from Photographs. 2 vols. 8yo., 36s. net. 


HOFFMANN. — THE AMATEUR GARDENER’S ROSE BOOK: 
By Dr. JuLIus HOFFMANN. ‘Translated from the German by JOHN WEATHERS, 
F.R.H.S., N.R.S., author of ‘‘A Practical Guide to Garden Plants,’ ete. With 20 
Coloured Plates from Drawings by HERMANN FRIESE, and 16 Woodcuts. 8v0,, 
7s. 6d. net. .- 


JEK YLL.— Works by GERTRUDE JEKYLL. 
HOME AND GARDEN : Notes and Thoughts, Practical and Critical, 


of a Worker in both. With 53 Illustrations from Photographs. 8vo., ros. 6d. net. 


WOOD AND GARDEN: Notes and Thoughts, Practical and Critical, 
of a Working Amateur. With 71 Photographs. §8vo., ros. 6d. net. 


WEATHERS.—A PRACTICAL GUIDE TO GARDEN PLANTS. 


Containing Descriptions of the Hardiest and most Beautiful Annuals and Biennials, 
Hardy Herbaceous and Bulbous Perennials, Hardy Water and Bog Plants, Flowering 
and Ornamental Trees and Shrubs, Conifers, Hardy Ferns, Hardy Bamboos and other 
Ornamental Grasses; and also the best kinds of Fruit and Vegetables that may be 
grown in the Open Air in the British Islands, with Full and Practica] Instructions 4s to 
Culture and Propagation. By JOHN WEATHERS, F.R.H.S., late Assistant Secretary 
to the Royal Horticultural Society, formerly of the Royal Gardens, Kew, ete. With 
163 Diagrams. 8vo., 215, net. 


WEBB.—Works by HENRY J. WEBB, Ph.D., B.Sc. (Lond.). 
ELEMENTARY AGRICULTURE. A Text-Book specially adapted 


to the requirements of the Board of Education, the Junior Examination of the Royal 
Agricultural Society, and other Elementary Examinations. With 34 Illustrations. 
Crown 8vo., 25. 6d. 3. 


AGRICULTURE. A Manual for Advanced Science Students. With 


100 Illustrations. Crown 8vo., 75. 6d. net. 
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WORKS BY JOHN TYNDALL, D.C. yest ELD. F:RiS: 


LECTURES ON SOUND. With Frontispiece of Fog-Syren, and 203 
4 other Woodcuts and Diagrams in the Text. Crown 8vo., ros. 6d. 


HEAT, A MODE OF MOTION. With 125 Woodcuts and Diagrams. 
4 Crown 8vo., 12s. 


Be ORES ON LIGHT DELIVERED IN THE UNITED STATES 
: IN 1872 AND 1873. With Portrait, Lithographic Plate, and 59 Diagrams. Crown 


-8VO., 55. 


. 
FRAGMENTS OF SCIENCE: a Series of Detached Essays, Addresses, 
a and Reviews. 2 vols. Crown 8vo., 16s. 


Vol. I.—The Constitution of Nature—Radiation—On Radiant Heat in Relation to the Colour and 

Chemical Constitution of Bodies—New Chemical Reactions produced by Light—On Dust and 
Zs Disease—Voyage to Algeria to observe the Eclipse—Niagara—The Parallel Roads of Glen 
a Roy—Alpine Sculpture—Recent Experiments on Fog-Signals—On the Study of Physics—On 
Crystalline and Slaty Cleavage—On Para magnetic and Diamagnetic Forces—Physical Basis 
of Solar Chemistry—Elementary Magnetism—On Force—Contributions to Molecular Physics 
; —Life and Letters of FARapAy—The Copley Medallist of 187-—The Copley Medallist of 1871 
ae, —Death by Lightning—Science and the Spirits. 


' __~-Vol, II.—Reflections on Prayer and Natural Law—Miracles and Special Providences—On Prayer as 
a Form of Physical Energy—Vitality—Matter and Force—Scientific Materialism—An Address 
to Students—Scientific Use of the Imagination—The Belfast Address—Apology tor the Belfast 
Address—The Rey. James Martineau and the Belfast Address—Fermentation, and its Bearings 
on Surgery and Medicine—Spontaneous Generation—Science and Man—Professor VircHow 
and Evolution—The Electric Light. 


54 
* 


x 


NEW FRAGMENTS. Crown 8vo., ros. 6d. 


~  ContentTs.—The Sabbath—Goethe’s ‘ Farbenlehre’—Atoms, Molecules, and Ether Waves—Count °* 

Rumford—Louis Pasteur, his Life and Labours—The Rainbow and its Congeners— Address delivered 
* at the Birkbeck Institution on October 22, 1884—Thomas Young—Life in the Alps—About Common 

Water—Personal Recollections of Thomas Carlyle—On Unveiling the Statue of Thomas Carlyle—On 
be pete Origin, Propagation, and Prevention of Phthisis—Old Alpine Jottings—A Morning on Alp Lusgen. 


ESSAYS ON THE FLOATING MATTER OF THE AIR IN 
4 RELATION TO PUTREFACTION AND INFECTION. With 24 Woodcuts, 
Crown 8vo., 75. 6d. 


RESEARCHES ON DIAMAGNETISM AND MAGNECRYSTALLIC 


ACTION; including the Question of Diamagnetic Polarity, Crown 8vo,, ras. 


NOTES OF A COURSE OF NINE LECTURES ON LIGHT; 


st delivered at the Royal Institution of Great Britain, 1869. Crown 8vo., Is. 6d. 


7 


NOTES OF A COURSE OF SEVEN LECTURES ON ELECTRI- 
~~ CAL PHENOMENA AND THEORIES, delivered at the Royal Institution of Great 
x ' Britain, 1870. Crown 8vo., 15. 6d, 


"LESSONS IN ELECTRICITY AT THE ROYAL INSTITUTION, 
5 ‘ 1875-1876. With 58 Woodcuts and Diagrams. Crown 8vo., 25. 6d. 


: THE GLACIERS OF THE ALPS: being a Narrative of Excursions 


: - and Ascents. An Account of the Origin and Phenomena of Glaciers, and an Exposition 
a of the Physical Principles to which they are related. With 7 Illustrations, Crown 
ed mB Svo., 65. 62. net. 


< 


HOURS OF EXERCISE IN THE ALPS. With 7 Illustrations. 


Crown 8vo., 6s. 6d. net. 
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